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FOREWORD

The Superfund Anendnents and Reaut horization Act (SARA) of 1986
(Public Law 99-499) extended and anended the Conprehensive Environnenta
Response, Conpensation, and Liability Act of 1980 (CERCLA or Superfund).
This public | aw directed the Agency for Toxic Substances and Di sease
Regi stry (ATSDR) to prepare toxicological profiles for hazardous
subst ances which are nmost commonly found at facilities on the CERCLA
National Priorities List and which pose the nost significant potential
threat to human health, as determ ned by ATSDR and the Environnenta
Protecti on Agency (EPA). The lists of the 250 nost significant
hazar dous substances were published in the Federal Reeister on April 17,
1987; on COctober 20, 1988; on Cctober 26, 1989; and on Cctober 17, 1990.
A revised list of 275 substances was published on Cctober 17, 1991

Section 104(i)(3) of CERCLA, as anended, directs the Adm nistrator
of ATSDR to prepare a toxicol ogical profile for each substance on the
lists. Each profile nust include the follow ng content:

(A) An exam nation, sumary, and interpretation of avail able
t oxi col ogi cal information and epi deni ol ogi cal eval uations on the
hazardous substance in order to ascertain the |evels of significant
human exposure for the substance and the associ ated acute,
subacute, and chronic health effects.

(B) A determ nation of whether adequate information on the health
ef fects of each substance is available or in the process of
devel opnent to deternine |evels of exposure which present a
significant risk to human health of acute, subacute, and chronic
heal th effects.

(O VWhere appropriate, an identification of toxicological testing
needed to identify the types or |evels of exposure that may present
significant risk of adverse health effects in hunmans.

Thi s toxicol ogical profile is prepared in accordance with
gui del i nes devel oped by ATSDR and EPA. The original guidelines were
published in the Federal Register on April 17, 1987. Each profile wll
be revised and republished as necessary,

The ATSDR toxicol ogical profile is intended to characterize
succinctly the toxicol ogi cal and adverse health effects information for
t he hazardous substance bei ng descri bed. Each profile identifies and
reviews the key literature (that has been peer-revi ewed) that describes
a hazardous substance's toxicological properties, Oher pertinent
literature is also presented but described in |less detail than the key
studies. The profile is not intended to be an exhaustive docunent;
however, nore conprehensive sources of specialty information are
ref erenced.
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Foreword

Each toxicological profile begins with a public health statement,
which describes in nontechnical language a substance'’s relevant
toxicological properties. Following the public health statement is
information concerning levels of significant human exposure and, where
known, significant health effects. The adequacy of information to
determine a substance’s health effects is described in a health effects
summary. Data needs that are of significance to protection of public
health will be identified by ATSDR, the National Toxicology Program
(NTP) of the Public Health Service, and EPA. The focus of the profiles
is on health and toxicological information; therefore, we have included
this information in the beginning of the document.

The principal audiences for the toxicological profiles are health
professionals at the federal, state, and local levels, interested
private sector organizations and groups, and members of the public.

This profile reflects our assessment of all relevant toxicological
testing and information that has been peer reviewed. It has been
reviewed by scientists from ATSDR, the Centers for Disease Control, the
NTP, and other federa. agencies. It has also been reviewed by a panel
of nongovernment peer reviewers. Final responsibility for the contents
and views expressed in this toxicological profile resides with ATSDR.

William L. Roper, M.D., M.P.H.
Administrator

Agency for Toxic Substances and
Disease Registry
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1. PUBLI C HEALTH STATEMENT

This Statenment was prepared to give you infornmation about boron and to
enphasi ze the human health effects that may result from exposure to it. The
Envi ronnental Protection Agency (EPA) has identified 1,177 sites on its Nationa
Priorities List (NPL). Boron has been found in at |east 21 of these sites. However,
we do not know how many of the 1,177 NPL sites have been eval uated for boron. As EPA
eval uates nore sites, the nunber of sites at which boron is found nay change. This
information is inmportant for you to know because boron may cause harnful health
ef fects and because these sites are potential or actual sources of human exposure to
bor on.

VWhen a chemical is released froma |large area, such as an industrial plant, or
froma container, such as a drumor bottle, it enters the environment as a chenica
em ssion. This emission, which is also called a rel ease, does not always lead to
exposure. You can be exposed to a chemical only when you cone into contact with the
chem cal. You may be exposed to it in the environnent by breathing, eating, or
drinki ng substances containing the chem cal or fromskin contact with it.

If you are exposed to a hazardous chenical such as boron, several factors wll
det ermi ne whet her harnful health effects will occur and what the type and severity of
those health effects will be. These factors include the dose (how nuch), the duration
(how long), the route or pathway by which you are exposed (breathing, eating,
drinking, or skin contact), the other chemcals to which you are exposed, and your
i ndi vi dual characteristics such as age, sex, nutritional status, famly traits, life
style, and state of health.

1.1  WHAT IS BORON?

Boron is a solid substance that widely occurs in nature. It usuallydoes not
occur alone, but is often found in the environnent conmbi ned with other substances to
form conmpounds cal | ed borates. Conmon borate conmpounds include boric acid, salts of
borates, and boron oxide. Boron and salts of borate have been found at hazardous
wast e sites. Boron al one does not dissolve in water nor does it evaporate easily, but
it does stick to soil particles. No information was found on whether conmmon forns of
boron evaporate easily or stick to soil particles; however, these fornms do dissol ve
in water.

Boron is present in air, water, and soil, but no information is
avai l able on how long it remains in these nedia. There is also no information
avai | abl e on the occurrence of borates in the environnent or on how |l ong they persi st
in the environnent.

Borates are used nostly in the production of glass. They are also used in fire
retardants, |eather tanning and finishing industries, cosmetics, photographic
materials, with certain netals, and for high-energy fuel. Pesticides for cockroach
control and wood preservatives al so contain borates.
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More information on the properties and uses of boron and boron conpounds and how
t hey behave in the environment nmay be found in Chapters 3, 4, and 5.

1.2 HOWM GHT | BE EXPOSED TO BORON?

Boron occurs mainly in the environment through release into air, water, or soi
after natural weathering processes. It can also be released from gl ass manufacturi ng,
coal - burni ng power plants, copper snelters, and through its use in agricultura
fertilizer and pesticides. It is estimated that rel eases fromthese sources are |ess
than through natural weathering processes.

You can be exposed to boron in food (rmainly vegetables and fruits),water, air
and consuner products. Infants, in particular, can be exposed to borates in products
used to control cockroaches. Since boron is taken up fromthe soil by plants, it can
enter the food chain. Al though boron has been found in animal tissue, it does not
accunulate and it is not likely that eating fish or nmeat will increase the boron
| evel s in your body. Boron has been found in groundwater at very |ow |evels.
Background | evel s of boron up to 5 parts of boron in 1 nillion parts (ppm of surface
wat er have been reported. However, in dry areas where there are natural boron-rich
deposits, boron concentrations can be as high as 360 ppm No data were found on the
occurrence of boron conpounds in surface or groundwater. Wiile current drinking water
surveys do not report any levels of boron, it has been found in tap water in the
past. Levels reported in drinking water were less than | -3 ppm There is potenti al
for exposure to boron through contact with soil, since boron sticks to soi
particles. Background levels up to 300 ppm have been reported. Exposure to air
contam nated with boron is not likely to occur in the general popul ation; however,
there is risk of exposure to borate dust in the workplace. Concentrations from1-14
mlligranms of boron dust per cubic meter of air (ng/m) have been reported in borax
m ning and refining plants and at sites where boric acid is manufactured. Exposure to
boron may al so occur fromthe use of consumer products, including cosmetics, topica
nmedi cal preparations, and sone |aundry products. The average daily boron intake has
been estimated to be 10-25 ng.

Further information on how you nmight be exposed to boron is given in Chapter 5.
1. 3 HOW CAN BORON ENTER AND LEAVE My BCDY?

Boron can enter your body when you eat food (fruit and vegetabl es) breathe
borate dust in the air, and when danmaged skin cones in contact with it. Because very
snmal | anmpbunts of boron are present in all drinking water, boron can enter your body
when you drink water. Wen boron enters the body by nouth or when you breathe borate
dust, it goes to the intestines where it is passed to various parts of the body
including the liver, brain, and kidney. No information is avail able on what factors
af fect how fast boron enters the body. However, aninmal studies suggest boron readily
enters the body after contact with damaged skin. Mst of the boron | eaves the body in
urine
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primarily from food eaten. Over half of the boron taken by mouth can be found
in urine within 24 hours and the other half can be detected for up to 4 days.
Boron compounds can be found in urine up to 23 days if you are accidentally
exposed to very large amounts.

Further information on how boron enters and leaves the body is given in
Chapter 2.

1.4 HOW CAN BORON AFFECT MY HEALTH?

If humans eat large amounts of boron (4,161 ppm) over short periods of
time, it can affect the stomach, intestines, liver, kidney, and brain and can
eventually lead to death. Irritation of the nose and throat or eyes can occur
if small amounts of boron (4.1 mg/m3) are breathed in. Boron can irritate the
eyes if it comes in contact with them for long periods of time. Animal
studies indicate that the male reproductive organs, especially the testes, are
affected if large amounts of boron are eaten or drunk for short or long
periods of time. Studies in animals also indicate delayed development and
structural defects in offspring, primarily in the rib cage, from maternal
exposure to boron during pregnancy. These effects have not been seen in
humans. Irritation of the nose can occur in animals if large amounts of boron
are breathed in for long periods of time. These effects have not been seen in
humans. No information is available on whether boron is likely to cause
cancer in humans. There is no evidence of cancer in animals exposed to boron
for long periods of time.

More information on the health effects of boron in humans and animals
can be found in Chapter 2.

1.5 IS THERE A MEDICAL TEST TO DETERMINE WHETHER I HAVE BEEN EXPOSED TO
BORON?

There are reliable and accurate ways of measuring boron in the body.
Blood and urine can be examined to determine if excessive exposure to boron
has occurred. Boron and, to a limited extent, boron-related compounds can be
measured in body fluids. However, special equipment is needed for detection
and analysis. Tests are not routinely available in a doctor’s office. It is
not known whether boron levels measured in the body can be used to predict
potential health effects.

Further information on how boron can be measured in exposed humans is
presented in Chapters 2 and 6.

1.6 WHAT RECOMMENDATIONS HAS THE FEDERAL GOVERNMENT MADE TO PROTECT
HUMAN HEALTH?

The federal government has set regulatory standards and guidelines to
protect individuals from the effects that may occur if exposed to boron. The
EPA has established tolerances for total boron of 30 ppm in or on cottonseed
and 8 ppm in or on citrus fruits. The Food and Drug Administration has
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designated that borax and boric acid are generally recogni zed as safe (GRAS) as

i ndirect food additives in adhesive conponents, conponents of paper, paperboard,
sizing and coatings. The QOccupational Safety and Heal th Admi nistration (OSHA) has set
a permissible exposure linmt of 10 ng/ni for boron oxide and sodiumtetraborate in

t he workplace air for 8 hour/day exposures over a 40-hour work week. Limts of 10
mg) M for boron tribromde and 3 ng/ni for boron trifluoride have been set.

Addi tional infornmation on governnental regulations regardi ng boron can be found
in Chapter 7.

1.7 WHERE CAN | CGET MORE | NFORVATI ON?

If you have any nore questions or concerns not covered here, please contact
your state health or environmental departnment or

Agency for Toxic Substances and Di sease Registry
Di vi si on of Toxi col ogy
1600 difton Road, E-29
Atl anta, Georgia 30333

This agency can al so provide you with information on the |location of the
near est occupational and environnmental health clinic. Such clinics specialize in
recogni zi ng, evaluating, and treating illnesses that result from exposure
to hazardous substances.
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2. HEALTH EFFECTS
2.1 | NTRODUCTI ON

The primary purpose of this chapter is to provide public health officials,
physi ci ans, toxicologists, and other interested individuals and groups with an
overal | perspective of the toxicology of boron and compounds and a depiction of
significant exposure |levels associated with various adverse health effects. It
contains descriptions and eval uati ons of studies and presents |evels of significant
exposure for boron based on toxicol ogi cal studi es and epi demi ol ogi cal investigations.

2.2 DI SCUSSI ON OF HEALTH EFFECTS BY ROUTE OF EXPOSURE

To hel p public health professionals address the needs of persons living or
wor ki ng near hazardous waste sites, the information in this section is organized
first by route of exposure-- inhalation, oral, and dernal--and then by health effect-
-death, systenic, imunol ogical, neurological, devel opnental, reproductive,
genot oxi ¢, and carcinogenic effects. These data are discussed in terns of three
exposure periods--acute (less than 15 days), internedi ate(15-364 days), and chronic
(365 days or nore).

Level s of significant exposure for each route and duration are presented in
tables and illustrated in figures. The points in the figures show ng no-observed-
adverse-effect |evels (NOAELs) or | owest-observed-adverse-effect |evels (LOAELS)
reflect the actual doses (levels of exposure) used in the studies. LOAELs have been
classified into "l ess serious" or "serious" effects. These distinctions are intended
to help the users of the docunent identify the |levels of exposure at which adverse
health effects start to appear. They should also help to determ ne whether or not the
effects vary with dose and/or duration, and place into perspective the possible
significance of these effects to hunan health.

The significance of the exposure | evels shown in the tables and figures may
di ffer depending on the user's perspective. For exanple, physicians concerned with
the interpretation of clinical findings in exposed persons may be interested in
| evel s of exposure associated with "serious" effects. Public health officials and
proj ect managers concerned with appropriate actions to take at hazardous waste sites
may want information on | evels of exposureassociated with nore subtle effects in
humans or animals (LOAEL) or exposure |levels bel ow which no adverse effects (NOAEL)
have been observed. Estinates of |evels posing minimal risk to humans (M nimal Risk
Level s, MRLs) may be of interest to health professionals and citizens alike.

Esti mates of exposure levels posing mninmal risk to humans (MRLs) have
been made, where data were believed reliable, for the nost sensitive noncancer
ef fect for each exposure duration. MRLs include adjustnents to reflect human
variability fromlaboratory animal data to humans.

Al t hough net hods have been established to derive these | evels (Barnes
et al. 1988; EPA 1989a), uncertainties are associated with these techniques.
Furthernore, ATSDR acknow edges additional uncertainties inherent in the
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application of the procedures to derive less than lifetine MRLs. As an
exanpl e, acute inhalation MRLs may not be protective for health effects that
are del ayed in devel opnent or are acquired followi ng repeated acute insults,
such as hypersensitivity reactions, asthma, or chronic bronchitis. As these
ki nds of health effects data becone avail able and nethods to assess |evels of
significant human exposure inprove, these MRLs will be revised.

2.2.1 Inhal ati on Exposure
2.2.1.1 Death

No studies were | ocated regarding death in humans or aninmals after
i nhal ati on exposure to boron

2.2.1.2 Systemc Effects

No studies were | ocated regardi ng cardi ovascul ar, gastrointestinal
hemat ol ogi cal , nuscul oskel etal, or renal effects in humans after inhalation
exposure to boron. No studies were |ocated regarding dermal /ocul ar effects
after acute inhalation exposure in humans or animals for any duration
cat egory.

Informati on on respiratory, cardiovascul ar, gastrointestinal
hemat ol ogi cal , nuscul oskel etal, renal, and dermal/ocul ar effects is discussed
bel ow. The hi ghest NOAEL val ues and all reliable LOAEL val ues for these
systemc effects for each species and duration category are recorded in
Table 2-1 and plotted in Figure 2-1.

Respiratory Effects. Boron (as boron oxide and boric acid dusts) has
been shown to cause irritation of the upper respiratory tract in hunmans.
Based on a nedi cal questionnaire from113 workers (96% nmal es, 4% f enal es)
enpl oyed in the borax industry for an average of 11 years, nean exposures of
4.1 ng/ M to boron oxide and boric acid dusts were associated with dryness of
the nouth, nose, or throat, sore throat, and productive cough (Garabrant
et al. 1984). While the authors reported differences between the test and
control groups in age and nunbers of snokers, no differences in synptons were
observed. Simlarly, synptonms of acute respiratory irritation were related to
exposures to borax dust at concentrations of 4 ng/ni or nore in a crosssectional
study of 629 borax workers actively enployed for 11.4 years (Garabrant et al. 1985).
Decreases in the forced expiratory volune (FEV,) were seen anong snokers who had
cumul ative borax exposures of 80 ng/m or greater but were not seen anong |ess
exposed snokers or anobng nonsnokers. Radi ographic abnornmalities were not found. It
was determined in a followup of the Garabrant et al. 1985 study that the cunul ative
borax exposure effect



TABLE 2-1. Levels of Significant Exposure to Boron and Compounds - Inhalation

Exposure LOAEL (effect)
Rey to frequency/ NOAEL Less serious Serlous
figure® Specles duration System (mg /m®) (mg/m®) (mg /m®) Reference Form
INTERMEDIATE EXPOSURE
Systemic
1 Rat 6-24 wk Resp 77 470 (respirtory Wilding BO
5d/vwk irritation) et al. 1959
6hr/d Cardio 77
Musc/skel 77
Renal 77
Gastro 77
2 Dog 23 wk Hemato 57 Wilding BO
et al. 1959
Neurological
3 Rat 6-24 wk 470 Wilding BO
- 5d/wk et al. 1959
6hr/d
Reproductive
4 Rat 6-24 wk 470 Wilding BO
5d/wk et al. 1959
6hr/d
CHRONIC EXPOSURE
Systemic
5 Human 11.4 yr Resp 4.1 (respiratory Garabrant BX
(mean) irritation) et al. 1985
6 Human 11.4 yr Resp 4.1 (resplratory Garabrant BX,
(mean) irritation) et al. 1984 BA,
Derm/oc 4.1 (eye irritation) BO

*The number corresponds to entries in Figure 2-1.

BA = boric acidi BO = boron oxide; BX = borax; Cardio = cardiovascular: d = day(s); Derm/oc = dermal/ocular;
Gastro = gastrointestinal; Hemato = hematological; hr = hour(s); LOAEL = lowest-observed-adverse-effect level;
Musc/skel = musculoskeletal; NOAEL = no-observed-adverse-effect level; Resp = respiratory; wk = week(s): yr = year(s)

4
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FIGURE 2-1. Levels of Significant Exposure to Boron and Compounds — Inhalation
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found previously was probably due to snmoki ng workers with | onger boron work

hi stori es and who snoke di sproportionately nore than those with shorter work
histories. There was no indication that borax exposure at the |evels studied
(up to 15 nmg/ m) inpaired pul nonary function (Wegman et al. 1991). Direct
irritation to nmucous nmenbranes of the nose and throat was al so studied by
Wegnan et al. (1991) using an irritation scoring systemtogether with realtine
neasur enents of borax exposure concentrations. The study concl uded t hat
borates 'are nild irritants. However, these effects are likely to occur at
concentrations exceeding 10 ng/ m (OSHA Pernissible Exposure Limt).

Ani mal studies suggest that the respiratory tract is susceptible to
boron toxicity. Rats exposed to 470 ng/ni boron oxide aerosol for 10 weeks
devel oped reddi sh exudates fromtheir noses, but there were no deaths or signs
of lung damage (WIlding et al. 1959). No changes were observed in rats in the
77 ng/ m dose group after 24 weeks of exposure, or in dogs exposed to a
concentration of 57 ng/m for 23 weeks (WIlding et al. 1959).

Car di ovascul ar Effects. Animal data are sparse. Rats exposed to
aerosol s of boron oxide at a concentration of 77 nmg/mi for 6 weeks showed no
hi st opat hol ogi cal effects in the cardi ovascul ar system (WIlding et al. 1959).

Gastrointestinal Effects. Aninmal data are sparse. No changes were seen
in the gastrointestinal tract of rats exposed to aerosols of boron oxide at a
concentration of 77 ng/m for 6 weeks (WIlding et al. 1959).

Hemat ol ogi cal Effects. Little is known concerning the effects of boron
in animals. Rats exposed to aerosols of boron oxide for |0-24 weeks (up to
470 ng/ m) and dogs for 23 weeks (57 ng/m) showed no significant changes in
total red and white blood cell count, henoglobin, hematocrit, and differenti al
count (Wlding et al. 1959).

Muscul oskel etal Effects. Aninmal data are sparse. No hi st opat hol ogi ca
ef fects of exposure were observed in the fenmur, rib, and nuscle of rats
exposed to aerosols of boron oxide at a concentration of 77 ng/ni for 6 weeks
(WIlding et al. 1959).

Renal Effects. Data on the effects of boron in animals are sparse. No
renal effects were observed in rats exposed to aerosols of boron oxide at a
concentration of 77 nmy/m for 6 weeks (Wlding et al. 1959).

Dermal / Ccul ar Effects. Human occupational exposure to a mean
concentration of 4.1 ng/ni (as boron oxide and boric acid dust) produced eye
irritation follow ng chronic exposures in workers enployed for an average of
11 years (Garabrant et al. 1984, 1985).

2.2.1.3 I munol ogi cal Effects

No studies were | ocated regardi ng i munol ogi cal effects in humans or
animal s after inhalation exposure to boron.
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2.2.1.4 Neurological Effects

No studi es were | ocated regardi ng neurol ogical effects in hunans after
i nhal ati on exposure to boron. Adverse effects were not found on the brain of
rats exposed to aerosols of boron oxide at a concentration of 77 ng/ni for
6 weeks (WIding et al. 1959).

2.2.1.5 Devel opnental Effects

No studi es were | ocated regardi ng devel opnental effects in humans or
animal s after inhal ati on exposure to boron.

2.2.1.6 Reproductive Effects

Limted data were |ocated regardi ng reproductive effects in humans
after inhal ati on exposure to boron. One study was reported invol ving
occupational exposure (10 years or greater) to boron aerosols (22-80 ng/nm) in
mal es engaged in the production of boric acids (Tarasenko et al. 1972). The
study group was small, consisting of 28 nen. Low sperm counts, reduced sperm
notility and el evated fructose content of sem nal fluids were observed

In animals, no effects were found on the ovary or testes of rats exposed
to aerosols of boron oxide at a concentration of 77 ng/m for 6 weeks (WIding
et al. 1959).

2.2.1.7 Genotoxic Effects

No studies were | ocated regarding the genotoxic effects in humans or
animal s after inhalation exposure to boron. Genotoxicity studies are
di scussed in Section 2.4.

2.2.1.8 Cancer

No studies were | ocated regarding cancer in humans or aninals after
i nhal ati on exposure to boron.

2.2.2 Oral Exposure
2.2.2.1 Death

Studies in humans, particularly infants, show that boron (as boric acid)
can be lethal follow ng ingestion. Infants who ingested fornula accidentally
prepared with 2.5% aqueous sol ution of boric acid died within 3 days after
exposure (Wong et al. 1964). It was estimated that the anpunt of boric acid
consuned ranged from4.51 to 14 g. Although 5 of 11 infants died, the authors
provi ded hi stopat hol ogi cal data and weights for only 2 infants who had
i ngested 9.25 g (505 ng boron/kg/day) and 14 g (765 ng boron/kg/ day) (Wng
et al. 1964). Infants becane |ethargic and devel oped voniting and diarrhea.
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Degenerative changes were seen in the liver, kidney, and brain. Acute
exposure to dose |evels of 895 ng boron/kg as boric acid was not lethal in one
adult (Linden et al. 1986).

In animals, boron (as boric acid and borax) is lethal follow ng acute,
i nternedi ate, and chronic oral exposures. Estimates of oral LD,, in rats were
898 and 642 ng boron/kg (as boric acid and borax, respectively) (Snyth et al
1969) and 510 and 550 ng boron/ kg as borax and boric acid (Wir and Fi sher
1972). No deaths were reported in dogs exposed to 696 ng boron/kg as boric
acid and 738 ng boron/kg as borax (Wir and Fisher 1972). In a 14-day
repeat ed- dose feeding study in nale mce, doses of 2,251 and 3,671 ng
boron/ kg/ day (as boric acid) were lethal in 20% and 60% of nales, respectively
(NTP 1987). The nmice were lethargic and the spleen, liver, and renal medull ae
wer e di scol ored. Hyperplasia and dysplasia of the forestonmach were al so
observed (NTP 1987).

Survival was al so reduced in mce follow ng internedi ate-duration
exposure. Males (10% died after exposure to a dose of 288 ng boron/kg/ day
(as boric acid) in the diet, while 80% of males and 60% of fenal es died at
577 ngy boron/ kg/day (NTP 1987). Hyperkeratosis and/ or acanthosis in the
stomach and extranedul | ary hemat opoi esis of the spleen in both sexes were
observed at the highest dose tested (577 ng boron/kg/day). There was 100%
nortality in rats fed 263 ng boron/kg/day for 90 days (Weir and Fisher 1972).
Congestion of liver and kidneys, snmall gonads, and brain swelling were
reported. When nale mice consumed 48 and 96 ng boron/kg/day (as boric acid)
for 103 weeks, nortality was 40% and 56% respectively, conpared to 18%in
untreated controls (NTP 1987). No clinical signs were reported; however,
boron caused increased incidence of testicular atrophy and interstitial
hyperplasia. Mortality in female mce was 30% and 24% (48 and 96 ngy
boron/ kg/ day) conpared to 34%in the untreated controls (NTP 1987).

The LDs, val ues and the hi ghest NOAEL values in animals and the | owest
| evel at which death was reported in hunans and the duration categories are
recorded in Table 2-2 and plotted in Figure 2-2.

2.2.2.2 Systenic Effects

No studies were | ocated regarding respiratory effects in animals or
cardi ovascul ar or nuscul oskel etal effects in humans or animals after ora
exposure to boron.

Information on respiratory, gastrointestinal, henatol ogical, hepatic,
renal, and dermal/ocul ar effects is discussed bel ow. The hi ghest NOAEL val ues
and all reliable LOAEL values for these systemic effects for each species and
duration category are recorded in Table 2-2 and plotted in Figure 2-2.

Respiratory Effects. Wdespread vascul ar congesti on and henorrhages in
the lungs were reported in one infant who i ngested 505 ng boron/kg/day (Wng
et al. 1964).



TABLE 2-2. Levels of Significant Exposure to Boron and Compounds ~ Oral

Exposure LOAEL (effect)
Key to frequency/ NOAEL Less serious Serious
figure® Specles Route duration System (mg/kg/day) (mgl/kg/day) (mg/kg/day) Reference Form
ACUTE EXPOSURE
Death
1 Human (F) 3-5 4 505 (increased Wong et al. 1964 BA
mortality)
2 Rat (F) 1d 550 (LDSO0) Weir and Fisher BA
1972
3 Rat (3] 14d 642 (LDS50) Smyth et al. BX
1969
4 Rat (F) 14d 510 (LD50) Weir and Fisher BX
1972
5 Rat W) 14d 898 (LD50) Smyth et al. BA
1969
6 Mouse (F) 14 d 2251 (increased NTP 1987 BA
mortality)
7 Dog (C) 1d 738 Weir and Fisher BX
1972
8 Dog ) 1d 696 Weir and Fisher BA
1972
Systemic
9 Human (F) 3-5d Resp 505 (vascular Wong et al. 1964 BA
congestion,
hemorrhage in
infants)
Hepatic 505 (parenchymatous
degeneration,
jaundice,
fatty changes,
congestion in
infants)
Renal 765 (parenchymatous
degeneration,
reduced urine
output, protein
in urine in
infants)
Derm/oc 505 (extensive

shedding of skin)

C
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TABLE 2-2 (Continued)

Exposure LOAEL (effect)
Key to frequency/ NOAEL Less serious Serious
figure® Species Route duration System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference Form
10 Human (F) 3-5d Gastro 184 (vomiting, Wong et al. 1964 BA
diarrhea in
infants)
Derm/oc 505 (erythema,
desquamation
in infants)
11 Human (F) 1d Gastro 241 (vomiting, Linden et al. BA
diarrhea) 1986
12 Mouse (F) 14 4 Gastro 2251 (gastric hyper- NTP 1987 BA
plasia and
dysplasia)
Neurologlcal
13 Human (F) 3-54d 505 (perivascular Wong et al. 1964 BA
’ hemorrhage,
congestion,
thrombosis,
edema in infants)
INTERMEDIATE EXPOSURE
Death
14 Rat (F) 90 d 263 (100X mortality) Weir and Fisher BX
1972
15 Rat (F) 90 d 263 (100X mortality) Weir and Fisher BA
1972
16 Mouse (F) 13 vk 144 (increased NTP 1987 BA
mortality)
Systemic
17 Rat (F) 90 d Other 88 Weir and Fisher BX
1972
18 Rat (W) 3-14 wk Hepatic 20.8 Settimi et al. BX
1982
i9 Rat (W) 70 d Other 23.7 (decreased body Seal and Weeth BX

and spleen
welights)

1980

T
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TABLE 2-2 {(Continued)

Exposure LOAEL (effect)
Key to frequency/f NOAEL Less serious Serious
flgure* Specles Route duration System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference Form
20 Rat (F) 90 d Other 88 (decreased body Welr and Fisher BA
welight) 1972
21 Dos (F) 904 Other “ Weir and Fisher  BA
1972
22 Dog (F) 90 d Hemato L3 44 (decreased packed Welr and Fisher BX
cell volume and 1972
hemoglobin)
Reurological
23 Rat (W) 3-14 wk 20.8 Settimi et al. BX
1982
Developmental
24 Rat (F) 20 d 13.6° (reduced fetal 28.4 (rib cage defects, Heindel et al. BA
weight) increased 1991
resorptions)
25 Mouse (F) 17 4d 43.4 79 (reduced fetsl 175.3 (skeletal Heindel et al. BA
body welight) effects, 1991
increased
resorptions)
Reproductive
26 Rat (F) 30-60 4 30 100 (testicular Lee et al. 1978 BX
atrophy,
decreased
enzymes)
27 Rat (W) 90 d 0.6 Dixon et al. BX
1976
28 Rat (F) 90 d 26 (partial 88 (complete atrophy Weir and Fisher BA
testicular of testes) 1972
atrophy)
29 Rat (F) 60 4 25 50 (reduced Dixon et al. BX
testicular 1979
enzymes,
reduced
testicular and
epididymal

weight)

KA
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TABLE 2-2 (Continued)

Exposure LOAEL (effect)
Key to frequency/ NOAEL Less serious Serious .
figure? Species Route duration System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference Form
30 Rat (F) 90 d 26 (partial 88 (complete atrophy Weir and Fisher BX
testicular of testes) 1972
atrophy)
31 Rat W) 70 4 44.7 (impaired Seal and Weeth BX
spermatogenesls) 1980
32 Mouse (F) 13 wk 288 (degeneration or NTP 1987 BA
atrophy of
seminiferous
tubules)
33 Mouse (F) 27 wk 26.5 111 (impalred NIEHS 1990 BA
spermatogeneslis,
degeneration of
seminiferous
tubules)
34 Dog (F) 38 wk 29 (testicular Welr and Fisher BX
atrophy, 1972
spermatogenic
arrest)
35 Dog (F) 90 d 4.4 44 (severe testicular Weir and Fisher BX
atrophy) 1972
36 Dog (F) 38 wk 29 (testicular Welr and Fisher BA
atrophy, 1972
spermatogenic
arrest)
37 Dog (F) 90 d 4.4 44 (severe testicular Weir and Fisher BA
atrophy) 1972
CHRONIC EXPOSURE
Death
k1] Mouse (F) 103 wk 48 (40X mortality) NTP 1987 BA
Reproductive
39 Rat (F) 2 yr 17.5 58.5 (atrophy of Welir and Fisher BX

testes,
decreased testes
weight)

1972

2
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TABLE 2-2 (Continued)

Exposure LOAEL (effect)
Key to frequency/ NOAEL Less serious Serious
figure® Speclies Route duration System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference Form

40 Rat (F) 3 gen 17.5 58.5 (atrophy of Weir and Fisher BA
testes, 1972
decreased
ovulation)

41 Rat (F) 3 gen 17.5 58.5 (atrophy of Weir and Fisher BX
testes, 1972 -
decreased
ovulation)

42 Rat (F) 2 yr 17.5 58.5 (atrophy of Weir and Fisher BA
seminiferous 1972
tubule
epithelium,
decreased tubule
size, decreased
testicular
weight)

43 Mouse (F) 103 wk 48 96 (testicular NTP 1987 BA
atrophy,
interstitial
hyperplasia)

44 Dog (F) 2 yr 8.75 Welr and Fisher BX

1972
45 Dog (F) 2 yr 8.75 Weir and Fisher BA

1972

*The number corresponds to entries in Figure 2-2.
*Used to derive an intermediate oral MRL of 0.01 mg/kg/day: dose divided by sn uncertainty factor of 1000 (10 for use of a LOAEL,

10 for extrapolation from animals to humans, and 10 for human variability).

BA = borlic acid; BX = borax; (C) = capsule; d = day(s): Derm/oc = dermal/ocular; (F) = feed; Gastro = gastrointestinal;
gen = generation; LDSO = lethal dose, 50X kill; LOAEL = lowest-observed-adverse-effect level; NOAEL = no-observed-adverse-effect
level; Resp = respiratory; (W) = water; wk = week(s): yr = year(s)
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FIGURE 2-2. Levels of Significant Exposure to Boron and Compounds — Oral
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FIGURE 2-2 (Continued)
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Gastrointestinal Effects. Ingestion of boron in humans can cause
gastrointestinal effects. Nausea, persistent vonmiting, diarrhea, and colicky
abdom nal pain in infants were associated with acute ingestion of a total of
184 ng boron/ kg/day or greater (based on 1.9 kg body weight) as boric acid
whi ch was accidently incorporated in infant fornula (Wng et al. 1964).
Vonmiting was the only sign-of boron toxicity in two adult ferales who had
i ngested 241 ng boron/kg/day as boric acid in a fungicide and 895 ng boron/ kg
of a boric acid-containing insecticide in a suicide attenpt, The subjects were
hospitalized for 24-96 hours and did not devel op further synptons follow ng
rel ease (Linden et al. 1986).

Hemat ol ogi cal Effects. Two male and three fenal e dogs fed 44 ny
boron/ kg/ day as borax had decreased packed cell volune and henogl obi n val ues.
Erythrocyte count, total and differential |eucocyte counts were conparable to
control levels (Wir and Fisher 1972).

Hepatic Effects. Case reports in humans suggest that the liver is
susceptible to boron toxicity at high dose levels (Wng et al. 1964).
Jaundi ce has been reported, and there were nild alterations at histol ogica
exam nation in infants who i ngested 505 or 765 ng boron/kg/day as boric acid
(accidentally incorporated in infant fornula) for 3-5 days (Wng et al. 1964).
In the same incident, congestion and fatty changes were observed, and there
was par enchymat ous degeneration in newborn infants who i ngested 505 or 765 ng
boron/ kg as boric acid for 3-5 days (Wng et al. 1964).

In rats given approxinately 20.8 ng boron/kg/day as borax in drinking
wat er, NADPH- cytochrone C reductase activity and cytochrone b, content
decreased in the liver mcrosonal fraction after 10 and 14 weeks (Settim
et al. 1982). There was also a reduction in the cytochrone P-450
concentration detected at 14 weeks (Settim et al. 1982).

Renal Effects. Human case reports involving high accidental ingestion
| evel s show that boron can cause injury to the ki dney. Degenerative changes
in parenchymal cells with oliguria and al bum nuria have been denpbnstrated in
two newborn infants after ingestion of 505 and 765 ng boron/kg/ day as boric
acid in an evaporated mlk fornula over a period of 3-5 days (Wng et al
1964).

Dermal / Ccul ar Effects. Skin effects can occur follow ng ingestion of

boron (as boric acid) in humans. Extensive exfoliative dermatitis began in

i nfants as an erythema involving pal ns, soles, and buttocks. It eventually
became generalized with subsequent bul bous formation, nassive desquamati on

and sl oughing (Wng et al. 1964). These changes were associated with ingestion
of 505 ng boron/kg/ day; however, skin |esions were |acking follow ng ingestion
of 765 ng boron/kg/day. Simlarly, extensive erythema wi th desquamati on was
observed in an adult who ingested boric acid powder (Schillinger et al. 1982).
The exact ampunt ingested was not stated. However, 14 g (equivalent to 22.5 ng
boron/ kg based on 109 kg body wei ght) was neasured as m ssing froma container
fromwhich the patient admtted consuming half its contents.
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In animals, rats fed 88 and 263 ng boron/ kg/day as borax or boric acid
had i nfl amed eyes and skin desquanmations on the paws and tails (Wir and
Fi sher 1972).

2.2.2.3 I mmunol ogi cal Effects

No studies were | ocated regardi ng i munol ogi cal effects in humans or
animal s after oral exposure to boron

2.2.2.4 Neurological Effects

Case reports in humans have indicated neurol ogical effects after
accidental ingestion of high levels of boron (as boric acid). Newborn infants
who ingested 4.5-14 g boric acid showed central nervous systeminvol verment
mani f ested by headache, trenors, restlessness, and convul sions followed by
weakness and coma (Wong et al. 1964). Histol ogical exam nation of 2 of
11 infants reveal ed congestion and edema of brain and neninges with
perivascul ar henorrhage and intravascul ar thronbosis at a dose >505 ng
boron/ kg/ day (Wng et al. 1964). Seizure disorders have been associated with
boron exposures (as borax) in infants who ingested 4-30 g borax for 4-10 weeks
(O Sullivan and Tayl or 1983) and 9-125 g borax for 5-12 weeks (Gordon et al
1973). Estimates of boron consunption could not be determi ned since the
aut hors did not provide data on kil ogram body wei ghts. Bl ood boron levels in
pati ents who ingested borax ranged from2.6 to 8.5 pug/nL (O Sullivan and
Tayl or 1983). In one infant with a seizure di sorder who ingested borax for
3 nonths, the blood boron | evel was 1.64 ng/ 100 nL (Gordon et al. 1973).

In rats, exposure to approximtely 20.8 ng boron/kg/ day as borax (based
on wei ght of 0.35 kg and average water consunption of 20.7 nL) in drinking
water for up to 14 weeks caused increased cerebral succinate dehydrogenase
activity after 10 and 14 weeks of exposure (Settim et al. 1982). Increased
RNA concentration and increased acid proteinase activity in brain occurred
after 14 weeks (Settim et al. 1982).

Al'l LOAEL val ues for neurol ogical effects in hunmans and aninals are
recorded in Table 2-2 and plotted in Figure 2-2.

2.2.2.5 Devel opnental Effects

No studies were | ocated regardi ng devel opnental effects in humans after
oral exposure to boron.

In animals, fetotoxicity was observed in rats and nice The average
fetal body weight per litter in rats was reduced in pups of dans adm nistered
13.6 ng boron/kg/day or greater (78 ngy/kg/day boric acid) on gestation days O
to 20 (Heindel et al. 1991). Simlarly, pups of nmice admnistered 79 ny
boron/ kg/ day (452 ngy/ kg/day boric acid) showed reduced body wei ght. Boron was
also teratogenic in rats and nmice. There was agenesis or shortening of rib
XIll and the lateral ventricles of the brain were enlarged in rats at dose
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| evel s of 28.4 ng boron/kg/day (163 ng/ kg/day boric acid) or greater (Heinde
et al. 1991). Skeletal effects were reported at the highest dose tested
(175.3 ng boron/kg/day or 1,003 ng/kg/day boric acid) in mce. No effects
were observed in the 43.4 ng boron/kg/day (248 ny/ kg/day boric acid) dose
group (Heindel et al. 1991). Based on a value of 13.6 ng boron/kg/day, an

i nternedi ate oral MRL of 0.01 ng/kg/day was cal cul ated as described in the
footnote on Table 2-2.

2.2.2.6 Reproductive Effects

No studies were | ocated regardi ng reproductive effects in humans after
oral exposure to boron.

Ani nal studies denonstrated that boron can cause injury after
i nternedi ate and chronic exposure to the gonads in aninmals, especially the
testes. Inpaired spermatogenesis has been reported in rats adm nistered
300 nyg/ boron/L as borax (44.7 ng boron/kg/day) in drinking water for 70 days
(Seal and Weeth 1980), but no reproductive effects were evident in rats
administered up to 6 ng boron/L of borax (0.6 nmg boron/kg/day) in drinking
water for 90 days (Dixon et al. 1976). Wile severe testicular atrophy was
seen in dogs fed up to 44 ng boron/ kg/day (1,750 ppm boron, as borax or boric
acid) for 90 days (Weir and Fisher 1972), partial testicular atrophy in rats
occurred at a dose of 26 ng boron/kg/day (525 ppm boron) (Weir and Fi sher
1972). Degeneration or atrophy of the seniniferous tubules was denonstrated
in mce fed 144 ng boron/kg/day as boric acid (5,000 ppm boric acid) (NTP
1987). In rats fed at |least 50 ng boron/kg/day (as borax) up to 60 days,
there were reduced testicular weight and germinal aplasia at 60 days (D xon
et al. 1979). In the same study, >50 ng boron/kg/day caused reduction in
hyal ur oni dase, sorbitol dehydrogenase, and lactic acid dehydrogenase
(i soenzynme-X) at 30 days and testicular and epididymal weights were reduced
(Di xon et al. 1979).

In contrast, Lee et al. (1978) did not find significant adverse effects
in male rats fed 50 ng boron/kg/day (as borax) for 30 and 60 days. Dogs were
fed 29 ng boron/kg/day as borax and boric acid (1,170 ppn), respectively in
the diet for 38 weeks (Weir and Fisher 1972). Testicul ar atrophy and
sper mat ogeni ¢ arrest were reported. Wien dogs were admi nistered 8.8 ng
boron/ kg/ day (350 ppm borax or boric acid) for 2 years, no reproductive
ef fects were observed (Weir and Fisher 1972). Reproductive effects were
reported in rats follow ng chronic exposure. In rats fed up to 58.5 ngy
boron/ kg/ day (as borax or boric acid) for several generations, there was a
[ ack of viable spermin atrophied testes and ovul ati on decreased in femal es
(Weir and Fisher 1972). There were testicular atrophy and interstitial
hyperplasia in mce that consunmed | ethal doses (48 and 96 ng boron/ kg/ day)
over a period of 103 weeks. However, the authors did not specify cause of
death (NTP 1987). In a 2-generation reproduction nobuse study using continuous
breedi ng protocol, there was degeneration of the sem niferous tubul es and
sper mat ogenesi s was inpaired at dose |levels of 111 ng boron/kg/ day
(636 ng/ kg/day boric acid) or greater. No effects were observed in the 27 ng
boron/ kg/ day (152 ngy/ kg/day boric acid) dose group (N EHS 1990).
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The hi ghest NOAEL values and all reliable LOAEL val ues for reproductive
effects in animals and duration category are recorded in Table 2-2 and plotted
in Figure 2-2.

2.2.2.7 Genotoxic Effects

No studies were | ocated regardi ng genotoxic effects in humans and
animal s after oral exposure to boron. Genotoxicity studies are discussed in
Section 2.4.

2.2.2.8 Cancer

No studies were | ocated regardi ng cancer in humans after oral exposure
to boron.

Inalife-time bioassay in which nale and femal e B6C3F, ni ce consuned
48 ng boron/ kg/day or 96 ng boron/kg/day as boric acid in the diet, there was
no evi dence of carcinogenicity (NTP 1987).

2.2.3 Dernmal Exposure
2.2.3.1 Death

No studies were | ocated regarding death in humans or aninmals after
dermal exposure to boron

2.2.3.2 Systemc Effects

No studies were | ocated regardi ng hematol ogi cal and dernmal / ocul ar
effects in humans and respiratory, cardi ovascul ar, gastrointestinal
nmuscul oskel etal, hepatic, or renal effects in humans or animals after derna
exposure to boron

Al reliable LOAEL val ues for systemc effects in each species and
duration category are recorded in Table 2-3.

Hemat ol ogi cal Effects. Data are sparse in animals. It was reported in
Drai ze and Kelley (1959) that the application of 25-200 ng/kg/day boric acid
i n aqueous solution did not produce hematol ogi cal changes when rubbed onto
intact skin during a 90-day rabbit study. No quantitative data were provided;
therefore, these results could not be eval uated.

Dermal / Ccul ar Effects. Aninmal studies show that boron oxi de dust can
affect the eye and skin. Instillation of boron oxide dust (50 ng) into the
eyes of four rabbits produced conjunctivitis (Wlding et al. 1959).
Application of 1 g boron oxide dust to a 25 cnf area of the skin of four
rabbits produced erythema that lasted for 2-3 days (Wlding et al. 1959).



TABLE 2-3. Levels of Significant Exposure to Boron and Compounds - Dermal -

Exposure LOAEL (effect)
frequency/ NOAEL Less serious Serious
Specles duratlion System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference Form
ACUTE EXPOSURE
Systemic
Rabbit 1d Derm/oc 13 (conjunctivitis) Wilding } BO
Derm/oc 1* (erythema) et al. 1959

*Original unit provided by author was 1 g/cm®.

BO = boron oxide; d = day; Derm/oc = dermal/ocular; LOAEL = lowest-observed-adverse-effect level;
ROAEL = no-observed-adverse-effect level
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No studies were | ocated regarding the follow ng health effects in humans
or animals after dernal exposure to boron

.3 Immunol ogi cal Effects
.4 Neurol ogical Effects
.5 Devel opnmental Effects
.6 Reproductive Effects
.7 CGenotoxic Effects
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Genotoxicity studies are discussed in Section 2.4.
2.2.3.8 Cancer

No studies were | ocated regardi ng cancer effects in hunans or aninals
after dermal exposure to boron

2.3 TOXI COKI NETI CS
2.3.1 Absorption
2.3.1.1 Inhal ati on Exposure

No quantitative studies were | ocated regardi ng absorption in humans or
animal s after inhalation exposure to boron. Reports of upper respiratory
tract synptons follow ng exposure to boron oxide and boric acid dusts suggest
boron can deposit in the upper airway (Garabrant et al. 1984, 1985).

2.3.1.2 Oal Exposure

No quantitative studies were | ocated regardi ng absorption in humans or
animal s after oral exposure to boron and conpounds. Gastrointestina
absorption was indicated in hunans as evident by the urinary recovery of 93.9%
of the ingested dose of boric acid when urine sanples were cal cul ated over a
96 hour period (Jansen et al. 1984a). Neurol ogical, kidney, and |iver danage
foll owi ng ingestion further suggest that boron can be absorbed (Wng et al
1964).

2.3.1.3 Dermal Exposure

No quantitative studies were | ocated regardi ng boron absorption in
humans or animals after dermal exposure. Urinary excretion studies in humans
(Section 2.3.4.3) suggest there is very little absorption of boron through
intact skin. Excretion studies (Section 2.3.4.3) in rabbits suggest that
boron is readily absorbed foll owi ng contact wi th damaged skin (Draize and
Kel | ey 1959).
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2.3.2 Distribution

No quantitative studies were |ocated regarding distribution in humans or
animal s after exposure to boron and conpounds by the follow ng routes:

2.3.2.1 Inhal ati on Exposure
2.3.2.2 Oral Exposure
2.3.2.3 Dermal Exposure
2.3.3 Metabolism

No studies were | ocated regardi ng netabolismin humans or animals after
exposure to boron or boron conmpounds by the follow ng routes:

.1 Inhal ati on Exposure
.2 Oral Exposure
.3 Dermal Exposure

N
W wow
ww w

2.3.4 Excretion
2.3.4.1 Inhal ati on Exposure

No studies were | ocated regarding excretion in humans after inhalation
exposure to boron. In rats that inhal ed average concentrations of 77 ng/ni
boron oxi de aerosols over a 22 week period, an average of 11.90 ng boron/ kg/ day
was detected in the urine conpared to 0.24 ng/kg/day in untreated control groups
(WIlding et al. 1959).

2.3.4.2 Oal Exposure

Over 93% of the administered dose was excreted in the urine of six male
human vol unteers 96 hours after administration of a single oral dose of 1.9 ngy
boron/ kg (as boric acid) (Jansen et al. 1984a). An anal ysis of nine cases
i nvol ving boric acid poisoning revealed a nean half-life of 13.4 hours
(4-27.8). There was no correlation between half-life and cal cul ated serum
boric acid level at t, (r=0.08, p=0.84) (Litovitz et al. 1988). Boric acid
was detected in urine of patients 23 days after a single ingestion (Wang
et al. 1964).

In rabbits, 50% 66% of the adm nistered dose was recovered in urine
after ingestion of 17.1-119.9 ng boron/kg/day as boric acid (Draize and Kell ey
1959).

2.3.4.3 Dermal Exposure

Limted data in hunans suggest that very little absorption of boron
occurs through intact skin. There was no increase in the urinary excretion of
boron in one human subject follow ng the application of 15 g boric acid
(37.5 nmg boron/kg bw) on the forearmfor 4 hours (Draize and Kelley 1959).
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Ani mal studies support human findings. Draize and Kelley (1959) applied
200 ny/ kg as boric acid to intact, abraded or burnt, and partially denuded
skin of rabbits. Net urinary excretion of boric acid per 24 hours during
4 consecutive days of conpound treatnent was 1.4, 7.6 and 21.4 ny/ kg,
respectively (0.25, 1.3, and 3.7 ng boron/kg, respectively).

2.3.4.4. Other Exposure

In eight adult volunteers adm nistered a single dose of boric acid
(562-611 nmg) by intravenous infusion, 98.7% of the adm nistered dose was
recovered in urine 120 hours after injection (Jansen et al. 1984b). Rena
bl ood cl earance averaged 39.1 ni/nmin per 1.73 nf surface area in eight adult
human subj ects adm ni stered intravenous injections of 35 ng boron/kg (as
sodi um pentaborate). Urine boron concentrations on the day of admi nistration
averaged 1.19 ng/nL (Farr and Koni kowski 1963).

2.4 RELEVANCE TO PUBLI C HEALTH

Esti mates of |evels of exposure to boron posing nminimal risk to humans
(MRLs) have been made. These are discussed in Section 2.2 and were based on
data believed to be reliable for the nost sensitive noncancer effect for each
route and exposure duration. No data were |ocated on effects of acuteduration
i nhal ati on exposure in humans or aninmals nor on intermedi ate-duration
i nhal ati on exposure to boron in humans. Avail able information on internediate-
duration inhalation exposure in aninmals and chronic-duration inhalation exposure in
humans do not reliably identify the nbst sensitive target organ, No data on effects
of acute-duration oral exposure to boron in hunans or aninmals nor on internediate
exposure in humans were located. In aninmals, prenatal exposure of mce (79 ny
boron/ kg/ day as boric acid) and rats (13.6 ng boron/kg/day as boric acid) during
gestation days 0-17 and 0-20 caused devel opnental effects consisting of reduced feta
body wei ght or m nor skel etal changes and possibly delay in naturation (Hei ndel et
al . 1991). There was degeneration of the sem niferous tubules and inpaired
sper mat ogenesis in mce exposed to dose |levels of 111 ng boron/kg/ day as boric
acid for 2 generations (NI EHS 1990). In other studies involving internediate
durati on exposure, gonadal damage, primarily in the testes, was evident at
dose levels from26 to 288 ng/ kg/ day (NTP, 1987; Wir and Fisher 1972), but
not at dose levels of 0.6 and 25 ng/ kg/day (Di xon et al. 1976, 1979).
Exposure of dogs to boron (as boric acid or borax) in the diet for 38 weeks
caused testicular atrophy and spernatogenic arrest at dose levels of 29 ny
boron/ kg/ day (Weir and Fisher 1972). Based on a LOAEL val ue of 13.6 ngy
boron/ kg/ day for devel opmental toxicity, an internediate oral MRL of 0.01 ng
boron/ kg/ day was derived using an uncertainty factor of 1,000 (10 for use of a
LOAEL, 10 for extrapolation fromaninmals to humans and 10 for hunan
variability). However, testicular effects were reversible within 25 days
after conpound treatnent ceased. No effects were observed in rats fed diets
contai ning doses up to 8.75 ng boron/kg/day) for 2 years (Wir and Fisher
1972) . Because devel opnental toxicity occurred at dose levels |ess than those
for reproductive toxicity, the internmedi ate MRL based on devel opnent a
toxicity' should be protective agai nst reproductive toxicity follow ng chronic
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exposure. No data were located on effects of chronic-duration oral exposure

in humans. A chronic MRL was not derived. Acute-duration, internedi ateduration
and chronic-duration dernmal MRLs were not derived for boron due to the |ack of an
appropriate nethodol ogy for the devel opnment of dernmal MRLs.

No studi es have been found regardi ng i munol ogi cal effects of boron and
conpounds i n hunmans or animnals.

Deat h. Human studi es have shown that boron can be lethal follow ng
short-term exposure. The mnimal |ethal dose of ingested boron (as boric
acid) was reported to be 2-3 g in infants, 5-6 g in children and 15-20 g in
adults (Locatelli et al. 1987; Wng et al. 1964). No data were found on the
potential for boron to cause death in humans after intermedi ate and chronic
i nhal ati on and oral exposures. Liver, kidney, brain danage, and skin | esions
have been found in |lethal cases follow ng ingestion of boron, but death has
been attributable to respiratory failure. In other studies, chronic dernal
exposure to boron in neonates was fatal (Litovitz et al. 1988). There appears
to be a differential susceptibility with regard to death in adults. It has
been postul ated that increased conpetence of the adult kidney accounts for
adult tolerance to boron. Based on these findings, lethality my be an area
of concern foll ow ng neonate exposure to boron

Ani mal studies support human findings. Boron was |ethal after ingestion
for acute, internediate, and chronic duration exposures (NTP 1987; Smyth
et al. 1969; Weir and Fisher 1972).

System c Effects

Respiratory Effects. Synptons of acute irritation of the upper airway
were observed at borax and boric acid levels of 4 ng/ni or greater (Garabrant
et al. 1984, 1985). No adverse respiratory effects were observed in humans
followi ng internedi ate inhal ati on exposures. Chronic inhalation exposure
caused irritation of the upper respiratory tract (Garabrant et al. 1984,
1985). There were no changes in the FEV, and FVC in borax workers (Wgman
et al. 1991). Internmediate inhal ation exposure in animals caused irritation
of the nose (WIlding et al. 1959).

Gastrointestinal Effects. Boron or boron conpounds can result in
gastrointestinal disorders in humans follow ng acute and internedi ate ora
exposures. Most of the studies focused on clinical synptons including
vom ting and diarrhea. No data were found on bi ochem cal changes and linited
data were provi ded on hi stopat hol ogi cal effects. Infants appear to be
particularly susceptible to boron toxicity, possibly due to the fact that
their detoxifying enzyne systens are i mmture and there is greater
gastroi ntestinal absorption

No studies were |located in animals regarding gastrointestinal effects
fol |l owi ng boron exposure.
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Hepatic Effects. No adverse hepatic effects have been reported in
humans or aninals follow ng inhalation or dernmal exposure to boron or boron
conpounds. Acute oral exposure in humans caused congestion, fatty changes,
and parenchynat ous degeneration (Wng et al. 1964). No data were avail able on
bi ochem cal changes. It is not clear how boron affects the liver; however,
limted ani mal data suggest inpaired electron transfer and nacronetabolism
In studies with rats, boron interfered with flavin metabolismin flavoprotein
dependent pat hways (Settim et al. 1982). It is not clear if simlar effects wll
occur in hunmans.

Renal Effects. No adverse renal effects have been reported in humans or
animals followi ng inhalation of boron oxide, boric acid dust, or boron oxide
aerosol. Simlarly, dermal exposure to boric acid in humans or aninmals did
not adversely affect the kidneys. Renal tubular damage has been observed, and
t here.was reduced urine output in infants who consuned 505 ng boron/kg in
infant fornmula for 3-5 days (Whng et al. 1964). Since renal effects occurred
inonly a few cases and there is no confirm ng evidence in animals, the
potential for boron to cause renal effects cannot be conclusively established.

Dermal / Ccul ar Ef fects. Human occupati onal exposure to boron oxi de and
boric acid dusts in workplace air irritated the eyes (Garabrant et al. 1984).
I ngestion of |arge anmounts of boron (505 ng boron/ kg as boric acid) caused
extensive exfoliative dermatitis in humans (Wng et al. 1964). The
application of boric acid on the forearm of human subjects did not affect the
skin (Draize and Kelley 1959). Rabbits devel oped erythema when boron oxide
dust was applied to the skin and conjunctivitis was observed foll ow ng contact
wi th boron oxide dust (Wlding et al. 1959).

I mmunol ogi cal Effects. No studies were |ocated regarding the effects of
boron on the i mMmune systemin humans or animals after inhalation, oral, or
dermal exposure. In the absence of effects on target organs and direct tests
on i mmune function, the potential for boron to cause inmunol ogical effects in
humans cannot be concl usively eval uat ed.

Neur ol ogi cal Effects. No adverse neurol ogi cal effects have been
observed in humans or aninals follow ng inhalation or dermal exposure. Acute
and internediate oral exposures to boron and boron conmpounds caused vari ous
neur ol ogi cal responses in hunmans. Degenerative changes in brain neurons which
may have been an agonal effect were reported in one infant who consuned
505 ng boron/ kg as boric acid for 3 days (Wng et al. 1964). At a higher dose
(765 ng boron/kg), there was extensive vascul ar congestion, w despread
perivascul ar henorrhage, and intravascul ar thronbosis in another infant who
i ngested infant formula containing boric acid for 5 days (Wng et al. 1964).
Bi ocheni cal changes have al so been found. Cerebral succinate dehydrogenase
activity was increased in rats that ingested borate in drinking water for
| 0- 14 weeks, suggesting alteration in electron-transfer in the mtochondria
respiratory chain (Settim et al. 1982). Increased RNA concentration and
i ncreased acid proteinase activity in the brain also occurred (Settini et al
1982). Altered netabolismand brain tissue redox state suggest changes in
protein netabolism
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Based on these considerations, neurol ogical damage is an area of concern
foll owi ng exposure to boron at toxic |evels.

Devel opnental Effects. Devel opmental changes in rats and m ce have been
observed in offspring of dans exposed to 28.4 ng boron/kg/day and 175.3 ngy
boron/ kg/ day, respectively (Heindel et al. 1991). These effects have been
observed at dose levels in the same range as those produci ng changes in
sper mat ogenesi s. No epi dem ol ogi cal studies were |ocated regarding the
ef fects of boron on the devel oping fetus. Al though human data are | acking and
there are no direct quantitative studies regarding placental transfer of
boron, positive responses in two ani nal species suggest that devel opnenta
toxicity may be an area of concern in humans foll ow ng exposure to boron. The
LQAEL val ue of 13.6 ng boron/kg/day (Heindel et al. 1991) was used to
calculate an internmedi ate oral MRL of 0.01 ng/kg/day as described in the
footnote in Table 2-2.

Reproductive Effects. A study of 28 nale workers exposed to borate
aerosol s during the production of boric acid revealed | ow sperm counts in six
of these workers (Tarasenko et al. 1972). The authors reported exposure
concentrations ranging from22 to 80 ng/m. The overall reliability of these
data is reduced due to the small study group, It should al so be noted that
| ow spermcount is a naturally occurring phenonmenon. No studies were | ocated
regardi ng reproductive effects in humans after oral or dermal exposure.

In animals, boron affects gonads in dogs, rats, and mce. The testes
are particularly susceptible after internmediate ingestion (44 and 29 ng
boron/ kg/ day, respectively) (Seal and Weth 1980; Weir and Fisher 1972).
Fol | owi ng chronic oral exposure, no effects were observed at a dose of 8.75 ny
boron/ kg/ day (Weir and Fisher 1972). In spite of the absence of reliable
human data, linmited evidence of reproductive effects in animals suggest that
reproductive toxicity may be an area of concern follow ng boron exposure in
humans.

Genotoxic Effects. No studies were |ocated regarding genotoxic effects
of boron by inhalation, oral, or dermal exposure in humans and ani mal s.
Results were negative in bacterial assays and in the in vitro (Table 2-4)
manmmal i an assays, including tests for chronbsomal aberrations and gene
nmut ati on. Existing data suggest that genotoxicity is not an area of concern
foll owi ng exposure to boron in humans.

Cancer. No epi demi ol ogi cal studies were | ocated associ ating cancer and
boron exposure. In mice fed boron (as boric acid) for 103 weeks, the nunber
of tunors observed did not differ significantly fromuntreated control |evels
(NTP 1987). In the absence of human data and studi es from ot her ani mal
species, and the lack of evidence of nutagenic activity, the carcinogenic
potential of boron in humans cannot be determ ned concl usively.



TABLE 2-4. Genotoxicity of Boron In Vitro

Species (test system)

End point

Results

With
activation

Without
activation

Reference

Prokaryotic organisms:

Salmonella typhimurium
S. typhimurium
Escherichia coli

S. typhimurium

Mammalian cells:
Mouse lymphoms
Chinese hamster ovary

Gene mutation
Gene mutation
Gene mutation
Gene mutation

Gene mutation
Chromosomal aberration

Haworth et al. 1983
Benson et al. 1984

Demerec et al. 1951

NTP 1987

NTP 1987
NTP 1987

~ = negative result

2
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2.5 Bl OVARKERS OF EXPCSURE AND EFFECT

Bi omar kers are broadly defined as indicators signaling events in
bi ol ogi ¢ systens or sanples. They have been classified as nmarkers of
exposure, markers of effect, and markers of susceptibility (NAS/ NRC 1989).
A bi omarker of exposure is a xenobiotic substance or its netabolite(s) or the
product of an interaction between a xenobiotic agent and sone target
nol ecul e(s) or cell(s) that is neasured within a conpartnment of an organi sm
(NAS/ NRC 1989). The preferred biomarkers of exposure are generally the
substance itself or substance-specific nmetabolites in readily obtainable body
fluid(s) or excreta. However, several factors can confound the use and
i nterpretation of biomarkers of exposure. The body burden of a substance nay
be the result of exposures fromnore than one source. The substance being
neasured may be a netabolite of another xenobiotic substance (e.g., high
urinary |l evels of phenol can result from exposure to several different
aromati ¢ compounds). Depending on the properties of the substance (e.g.
bi ol ogic half-l1ife) and environnental conditions (e.g., duration and route of
exposure), the substance and all of its nmetabolites may have | eft the body by
the tine biologic sanples can be taken. It nmay be difficult to identify
i ndi vidual s exposed to hazardous substances that are commonly found in body
tissues and fluids (e.g., essential mineral nutrients such as copper, zinc,
and sel enium. Biomarkers of exposure to boron and conpounds are di scussed in
Section 2.5. 1.

Bi omar kers of effect are defined as any mneasurabl e bi ochem cal
physi ol ogic, or other alteration within an organismthat, dependi ng on
magni t ude, can be recogni zed as an established or potential health inpairnent
or disease (NAS/NRC 1989). This definition enconpasses biochem cal or
cellular signals of tissue dysfunction (e.g., increased liver enzyme activity
or pathologic changes in female genital epithelial cells), as well physiologic
signs of dysfunction such as increased bl ood pressure or decreased |ung
capacity. Note that these markers are often not substance specific. They
al so may not be directly adverse, but can indicate potential health inpairnment
(e.g., DNA adducts). Biomarkers of effects caused by boron and conpounds are
di scussed in Section 2.5.2.

A bi omarker of susceptibility is an indicator of an inherent or acquired
l[imtation of an organisms ability to respond to the chall enge of exposure to
a specific xenobiotic substance. It can be an intrinsic genetic or other
characteristic or a preexisting disease that results in an increase in
absorbed dose, biologically effective dose, or target tissue response. If
bi omar kers of susceptibility exist, they are discussed in Section 2.7,

" POPULATI ONS THAT ARE UNUSUALLY SUSCEPTI BLE. "

2.5.1 Biomarkers Used to ldentify and/or Quantify Exposure to Boron

Boron in blood and urine can be used as an indicator of exposure to
boron. Normal dietary concentrations of boron in the blood of humans range
fromO to 1.25 pg/nL in children and infants (Fisher and Freinuth 1958;

O Sullivan and Tayl or 1983). Boron blood | evels (reported as borate) of



33
2. HEALTH EFFECTS

20-150 ug/ mL have been associated with adverse systemc effects in infants who
i ngested boric acid in infant fornmula (Wng et al. 1964). Boron
concentrations, expressed as borate, reported in fatal cases vary from 200 to
1,600 pg/mL in infants (Wng et al. 1964). In adults, a serumboron |evel (as
boric acid) of 2,320 pg/nL was not associated with significant toxicity
(Linden et al. 1986).

Urinary excretion |evels can al so be useful indicators of elevated tota
body burden of boron. Concentrations of boron in the normal popul ation range
from0.07 to 0.15 ng/ 100 nmL (Vignec and Ellis 1954) and 0.004 to 0.66 ng/ 100 nL
(I'mbus et al, 1963). In one infant, the urine contained 13.9 ng boron/L as borax or
1.38 ng boron/m of boric acid follow ng ingestion of a borax and honey m xture over
a period of 12 weeks (Cordon et al. 1973). Virtually conplete urinary excretion was
i ndi cated by the recovery of 93.9% (over a 96-hour collection period) of a boric acid
solution ingested by three human vol unteers (Jansen et al. 1984a).

Neur ol ogi cal , dermal, gastrointestinal, liver, and kidney effects in
humans have been associated with exposure to boron. Studies in aninmals have
denonstrated gonadal injury. Various clinical and biochem cal tests exist
that may provide useful information on exposure. However, simlar effects are
caused by a variety of other substances and are, therefore, not specific for
boron exposure.

2.5.2 Biomarkers Used to Characterize Effects Caused by Boron

Central nervous systeminjury, gastrointestinal effects, and skin danmage
are characteristic mani festations of boron toxicity in humans. Liver and
ki dneys in humans and testes in animals can also be affected. Various
clinical and bi ochem cal changes associated with these effects may be neasured
to detect the extent of exposure to boron. There is no single biologica
i ndi cator of boron exposure; consequently, several paraneters nust be neasured
i ncluding boron levels in urine and bl ood and bi ocheni cal changes for systenic
and neurol ogi cal effects.

Neur ol ogi cal danage has been reported in humans. Neurol ogical effects
reported in humans have focused primarily on histopathol ogi cal alterations.
No data were provided on biochenical changes. In animals, testicular atrophy
and reduced sperm production have been denonstrated follow ng chronic boron
exposure. There are clinical and biochem cal tests to detect neurol ogical and
gonadal injury, but these are not specific for boron exposure. Sparse data
in ani mal s suggest sone bi ochem cal changes; for instance, cerebral succinate
dehydr ogenase was increased in rats after boron exposure. Aninmal data further
denonstrate biochenical alterations follow ng gonadal injury. Dose-dependent
reduction in hyal uroni dase, sorbitol dehydrogenase, and lactic acid
dehydr ogenase (isoenzyne-X) were observed in rats follow ng boron exposure.
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2.6 | NTERACTI ONS W TH OTHER CHEM CALS

No studies were | ocated regarding the influence of other chenicals on
the toxicity of boron

2.7 POPULATI ONS THAT ARE UNUSUALLY SUSCEPTI BLE
Neonat al children are unusually susceptible to boron exposure.
2.8 M TI GATI ON OF EFFECTS

This section will describe clinical practice and research concerning
net hods for reducing toxic effects of exposure to boron. This section is
intended to informthe public of existing clinical practice and the status of
research concerning such nmethods. However, because sone of the treatnents
di scussed may be experinmental and unproven, this section should not be used as
a guide for treatnent of exposures to boron. Wen specific exposures have
occurred, poison control centers and nedi cal toxicol ogists should be consulted
for nmedi cal advice.

Human exposure to boron may occur by inhal ation, ingestion, or dernal
contact (see Chapter 5). Boron in the formof boric acid or borate dust is an
upper respiratory tract irritant followi ng inhalation and may also irritate
the eyes and skin. Ingestion of boron may cause gastrointesti nal
neur ol ogi cal, hepatic, renal, and dermal effects (see Section 2.2). Cenera
recomendati ons for reduci ng absorption of boron followi ng exposure have
i ncl uded renoving the exposed individual fromthe contam nated area and
renoving the contaninated clothing. If the eyes and skin were exposed, they
are flushed with water.

Nausea, voniting, and diarrhea have been induced by ingestion of boron
i n hunans. Sone aut hors reconmend reduci ng absorption of boron fromthe
gastrointestinal tract by adnm nistration of enmetics (e.g. syrup of ipecac) and
cathartics (e.g. magnesiumsul fate) (Stewart and McHugh 1990). Caution should
be, however, taken not to induce further damage to the esophageal mucosa or to
cause aspiration of the vonmit into the lungs during enesis. There is
di sagreenment regarding the efficiency of activated charcoal in preventing
absorption of boron fromthe gastrointestinal tract follow ng oral exposure
(El'l enhorn and Barcel oux 1988; Stewart and MHugh 1990). It has been
suggested that activated charcoal be adm nistered followi ng gastric
evacuation, but its effectiveness has not been established (ElIenhorn and
Bar cel oux 1988). Administration of intravenous fluids may be required if
severe dehydration or shock devel op and | ocal skin care may be necessary if
skin desquanmation occurs (Stewart and McHugh 1990). In addition, the
treat ment of boron poisoning may request a control for convul sions.

El emental boron is not netabolized (see Section 2.3). Studies in human
volunteers indicated that nbost of the adm nistered dose is excreted in the
urine within few days (Jansen et al. 1984a).
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Saline diuresis has been suggested to further enhance urinary excretion
of boron (Goldfrank et al. 1990). Exchange transfusions, peritoneal dialysis,
or henodi al ysis may be enployed to | ower plasma boron |l evels follow ng either
acute or chronic intoxication. There are indications that henodialysis is the
nost effective of these procedures (Goldfrank et al. 1990; Stewart and MHugh
1990). Additional details regarding treatnent of boron intoxication may be
found in the cited references.

2.9 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCLA, as anended, directs the Adm nistrator of
ATSDR (in,consultation with the Adm nistrator of EPA and agenci es and prograns
of the Public Health Service) to assess whether adequate information on the
health effects of boron is available. Were adequate information is not
avai |l abl e, ATSDR, in conjunction with the National Toxicol ogy Program (NTP)
is required to assure the initiation of a program of research designed to
determ ne the health effects (and techni ques for devel opi ng nmet hods to
determi ne such health effects) of boron

The foll owi ng categories of possible data needs have been identified by
a joint teamof scientists fromATSDR, NTP, and EPA. They are defined as
subst ance-specific informational needs that, if net, would reduce or elimnate
the uncertainties of human health assessnent. In the future, the identified
data needs will be evaluated and prioritized, and a substance-specific
research agenda will be proposed.

2.9.1 Existing Infornmation on Health Effects of Boron

The existing data on health effects of inhalation, oral, and derma
exposure of humans and animals to boron are summuarized in Figure 2-3. The
purpose of this figure is to illustrate the existing i nformati on concerning
the health effects of boron. Each dot in the figure indicates that one or
nore studies provide infornmation associated with that particular effect. The
dot does not inply anything about the quality of the study or studies. Gaps
in this figure should not be interpreted as "data needs" infornmation

Most of the information concerning health effects of boron in humans is
found in case reports of accidental acute and internedi ate i ngestion of boron
No i nformati on was found on effects after chronic ingestion. Those effects
associ ated with inhalation occurred foll owi ng chronic exposure in the
wor kpl ace. No information was found on effects of boron after acute and
i nternedi ate inhal ati on exposures. Information on acute dermal exposure
exi st, but none was found on effects after intermediate and chroni c exposures.

In animals, information exists on the acute, internmediate, and chronic
i ngestion of boron. Those effects associated with inhalation of boron
occurred followi ng intermedi ate exposures. No information was found on health
ef fects of boron after acute and chronic inhal ati on exposures. Boron does
cause health effects followi ng acute dermal exposure. No information was
found on health effects after internediate and chronic dernal exposures.
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FIGURE 2-3. Existing Information on Health Effects

of Boron
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2.9.2 Data Needs

Acut e- Durati on Exposure. There are data indicating mld upper
respiratory irritation in humans from acute inhal ation of borate dusts (Wgman
et al. 1991). Information on the effects of a single oral exposure to boron
conpounds in humans and ani mal s have provi ded data on lethal effects, while
injury to the lungs, brain, kidneys, and |liver have been reported in infants
(NTP 1987; Snyth et al. 1969; Wir and Fisher 1972; Wng et al. 1964). Many
of the human data are derived fromcase reports involving toxic effects in
infants. No adverse health effects have been denonstrated in hunmans after
dermal exposure. However, dermal/ocular effects have been associated with
dernmal exposure in animals (Wlding et al. 1959). The irritation effects
observed were probably due to the exothernic rehydration reaction of the
anhydri de boron oxide. Wile existing data are sufficient to identify target
organs, additional oral and dermal studies nmay clarify dose-response
relationships in target tissues and identify a threshold for systemc effects
due to a single-dose exposure. Human and ani mal data were not sufficient to
derive acute oral and inhalation MRLs. Existing data provide qualitative
evi dence of toxic effects; however, data gaps exist relative to concentration
and effects in the target tissues.

I nt er nedi at e- Durati on Exposure. No studies were |ocated in humans after
i nternedi at e exposure to boron conpounds by any route of exposure. Borates
are not absorbed through intact skin (Draize and Kelley 1959). No studies
were avail able on dernmal or inhalation exposure in animals; however, |etha
effects and injury to the gonads, particularly the testes, have been
denonstrated after oral exposure (Dixon et al. 1979; Lee et al. 1978; N EHS
1990b; NTP 1987; Seal and Weeth 1980; Weir and Fisher 1972). Data suggest
differences in sensitivity to boron conpounds anong ani mal species, wth dogs
nore sensitive than rats or nmice (Wir and Fisher 1972). Devel opnenta
effects were reported in nmice and rats after oral exposure (Heindel et al
1991). Data are sufficient to develop an internediate oral MKL. The MRL was
based on devel opnental toxicity in rats (Heindel et al. 1991). Although the
MEL value is lower than the average daily intake of boron, it should be noted
t hat reconmended daily all owance | evel s have not been established for boron
Further studies by other routes of exposure would be useful in confirmng
target tissues (e.g., testes) and effects on the fetus identified by the
primary exposure route. Al so, these data nay be used to further assess the
| evel of confidence in current NOAEL and LOAEL val ues. Additional data may
al so provide sone insight into the basis for differential susceptibility anmong
speci es which may be useful in assessing potential human risk.

Chroni c-Durati on Exposure and Cancer. Limted epidem ol ogi c studies
conducted in humans denonstrated that borate dust can affect the upper
respiratory tract and cause eye irritation follow ng inhal ati on (Gabarant
et al. 1984, 1985). Data were not sufficient to derive a chronic-duration
MEL. No studies were found on oral and dermal exposures in humans. Oral
studies in aninals denonstrated injury to the gonads and to the devel opi ng
fetus (NI EHS 1990a; NTP 1987; Wir and Fisher 1972). Existing oral studies
are sufficient to rule out effects on other organ systens or tissues (NTP
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1987; Weir and Fisher 1972). No studies were found on chronic dermal and

i nhal ation data in aninmals. Additional studies are needed to identify
critical effect levels. Although data are sufficient to develop a chronic
oral MRL, a value was not derived. Because devel opnental toxicity occurred at
dose levels less than those for reproductive effects, the intermedi ate MRL,
which is based on devel opnental toxicity, should be protective agai nst
reproductive toxicity followi ng chronic exposure. Additional studies would be
useful in assessing the | evel of confidence in existing NOAEL and LOAEL

val ues.

No epi demi ol ogi ¢ studi es have been conducted in humans regardi ng boron
exposure and cancer. Well-designed and wel |l -conducted case control or cohort
studi es woul d be useful in assessing risk to exposed humans. A long-termora
bi oassay in mce was negative. No studies on chronic dermal or inhalation
exposure eval uating carcinogenic potential in aninmals are avail able. The
absence of effects in one species is not sufficient to rule out the potentia
to cause cancer. Additional chronic studies of other species and various
doses woul d increase the |l evel of confidence in results reported in existing
st udi es.

Genotoxicity. No in vivo human data were | ocated. Bacterial and
limted manmal i an assays were negative (Benson et al. 1984; Denerec et al
1951; Haworth et al. 1983; NTP 1987). Considering the absence of nutagenic
effects in bacterial and nammalian tests eval uati ng gene mutation and
chronosonmal aberrations, genotoxicity nay not be an area of concern in humans.
Based on existing data, additional studies are not needed at this tine.

Repr oductive Toxicity. No studies were found on the effects of boron
conpounds on the reproductive systemin humans by any route of exposure. Oal
studies in aninals denmonstrated injury to gonads, particularly the testes
(Dixon et al. 1979; Lee et al. 1978; N EHS 1990; Seal and Weth 1980; Wir and
Fi sher 1972). No studies were found on chronic dernmal and inhal ati on studies
in animals. Sufficient data exist on the potential for boron conpounds to
affect nale reproductive organs in aninmals (N EHS 1990; NTP 1987; Weir and
Fi sher 1972). Data suggest that the severity of effects are species specific
(Weir and Fisher 1972). Additional studies would be useful to clarify dose
response rel ati onshi ps. Data suggest the fermal e reproductive systemis |ess
susceptible and is affected only at very high dose levels (NI EHS 1990; NTP
1987; Weir and Fisher 1972). Additional studies evaluating reproductive
effects in femal es may not be needed at this tine.

Devel opnental Toxicity. No studies were found on the devel opnent a
ef fects of boron and conpounds in humans foll owi ng inhal ation, oral, or derma
exposure. No data are available on the ability of boron to cross the placenta
or accunulate in fetal tissue. Studies in rats and mce indicate del ayed
devel opnent and structural defects, primarily in the rib cage, follow ng
continuous oral exposure in the diet during pregnancy (Heindel et al. 1991).
Exi sting ani mal data suggest additional testing would be useful in assessing
potential risk to hunmans.
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| mmunot oxicity. No studies were found in humans or animals on the
ef fects of boron on the inmune system by any route of exposure. Results of
chroni ¢ studies do not suggest that the i nmune systemis a potential target
for boron toxicity. Additional studies are not needed at this tine.

Neurotoxicity. Case reports in humans, primarily infants, indicate that
neur ol ogi cal effects occur after ingestion of boron at high dose | evels (Wng
et al. 1964). Degenerative changes in brain cells, perivascul ar henorrhage,
and intravascul ar thronbosis have been reported in fatal case reports in
i nfants, but neurochem cal or neurophysiol ogi cal changes have not been
reported (Settim et al. 1982; Wng et al. 1964). No studies are available on
neurotoxic effects of boron follow ng inhalation or dernal exposure in humans.
Aninal data are limted to increased brain enzyne activity (Settim et al
1982), but no histopathol ogi cal data are avail able. Since data on effects are
limted primarily to acute oral exposures at high dose |levels, additiona
studies in aninals evaluating other dose | evels and exposure durations would
be useful in evaluating potential risk to hunmans who may be exposed to | ow
| evel s of boron conpounds near hazardous waste sites.

Epi deni ol ogi cal and Human Dosinmetry Studies. Information exists on the
adverse health effects of boron conpounds in humans. Studi es of workers
exposed to boron conpounds denonstrated that boron can cause mild irritation
of the eyes and respiratory tract (Garabrant et al. 1984, 1985). O her human
studi es involve case reports of accidental or intentional ingestion of |arge
guantities of boron conpounds (Litovitz et al. 1988; Locatelli et al. 1987).
The studies identified key health effects (lung, kidney, brain, and liver)
associ ated with boron exposure (Wng et al. 1984). Aninal studies indicated
the testes as a target tissue, Epidemiological studies of the birth rate of
occupati onal | y-exposed workers is currently underway at a major U. S. borate
production facility (U S. Borax and Chenical Corporation 1991).

Bi omar kers of Exposure and Effect. Blood and urine borate
concentrations are useful biomarkers of exposure (Jansen et al. 1984a;
Litovitz et al. 1988). The gastrointestinal tract, skin, and brain are
principal target organs foll owi ng boron exposure in humans. Studies in
ani mal s denonstrate that boron conpounds can al so cause gonadal injury,
particularly to the testes (Wir and Fisher 1972). Existing aninal studies
have established this effect as the nbst sensitive endpoint foll ow ng oral
exposure. Studies to determ ne other biomarkers would be useful in assessing
the potential human health risk.

Absorption, Distribution, Metabolism and Excretion. No quantitative
information is available on the absorption, distribution, and netabolism of
boron conmpounds; however, there are studies on the excretion of boron
followi ng oral (Jansen et al. 1984a; Litovitz et al. 1988) and inhal ation
(WIlding et al. 1959) exposures and after dernmml exposure (Draize and Kelley
1959). Since data on toxicokinetics of boron are limted, additional studies
are needed by all routes of exposure that will provide data on absorption
rates, extent of conversion in the body and amount and rate of accumulation in
various tissues. Limted data fromoral and dernal studies suggest that boron
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is primarily excreted in urine. Since boron can deposit in the upper
respiratory tract, additional excretion studies by this route would be usefu
in determning if excretion patterns are simlar across all routes of
exposure.

Conpar ati ve Toxi cokinetics. Existing evidence from human and ani mal
studi es do not indicate whether or not boron conmpounds affect the sanme target
tissues. Animal studies indicate the testes as a target tissue (D xon et al
1979; Lee et al. 1978; NI EHS 1990; Seal and Weth 1980; Weir and Fi sher 1972).
Dat a suggest differences in species sensitivity, with dogs nore sensitive than
rats and mice (Wir and Fisher 1972). No data have been found on potentia
reproductive effects of boron and conpounds in humans. Data exist on
excretion of boron conmpounds. Based on excretion studies, boron conmpounds are
absorbed by the gastrointestinal tract. There are no avail able quantitative
t oxi coki netics data on absorption, distribution, and netabolism Additiona
t oxi coki netics studies would be useful in assessing differences in species
sensitivity, and provide a better basis for extrapolation of aninal data to
human exposure ri sk.

Mtigation of Effects. Methods for the nitigation of acute effects of
boron poi soning include prevention of absorption of boron fromthe
gastrointestinal tract and standard procedures used to prevent convul sions,
severe dehydration or shock (Stewart and McHugh 1990). Saline diuresis,
exchange transfusions, peritoneal dialysis, or henodialysis may be enployed to
enhance renpval of absorbed boron fromthe body (CGol dfrank et al. 1990;
Stewart and McHugh 1990). No additional information was | ocated concerning
mtigation of effects of |lower-level or |onger-term exposure to boron.

Further information on techniques to mtigate such effects would be useful in
determ ning the safety and effectiveness of possible methods for treating
bor on- exposed popul ations in the vicinity of hazardous waste sites.

2.9.3 On-going Studies

The National Institute of Environnental Health Sciences (J. WIlians,
i nvestigator) is conducting a study on the disposition of boric acid in
sel ected target and nontarget tissues. The potential of boric acid to cause
in vivo riboflavin deficiency as a nechanismof the testicular toxicity is
being i nvestigated, as are the direct effects of boric acid applied to sertol
or leydig cells in primary culture fromnaive rats (CRI SP 1990).
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3.1 CHEM CAL | DENTITY

Table 3-1 lists commopn synonyns, trade nanmes, and ot her pertinent
information to identify boron and sel ect ed conpounds.

3.2 PHYSI CAL AND CHEM CAL PROPERTI ES

Table 3-2 lists inportant physical and chem cal properties of boron and
sel ect ed conpounds.



TABLE 3-1. Chemlcal Identity of Boron and Compounds®

Characteristic Boron Boron oxide Borle acid Borax
Synonyms No data Boric anhydride; Boracle acid; Borax decahydrate;
diborontrioxide orthoboric acid tincal;
polybor
Trade name No data No data No data No data
Chemical formula B B,0, H,B0, Na,B,0,: 10H,0
Chemical structure® Not O oH 2-
applicable O O~ o)
PR N7 8 8" e 2(Na)
8 8 | I |
| | | RN O 100
Identification (o] o} (o] |
numbers: H o
CAS Registry 7440-42-8° 1303-86-2 10043-35-3 1303-96-4°
NIOSH RTECS ED7350000° ED7900000* ED4550000° v22275000°
EPA Hazardous Waste No data No data No data No data
OHM/TADS 7216607° No data 7216606° No data
DOT/UN/NA/ No data No data No data No data
IMCO Shipping No data No data No data No data
HSDB 4482 1609 14327 0328
NCI No data No data No data

No data
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TABLE 3-1 (Continued)

Characteristic Borax, anhydrous - Boron tribromide Boron trifluoride
Synonyms Borax, dehydrated; -  Boron bromide Boron fluoride
sodium tetraborate,
anhydrous
Trade name No data No data No data
Chemical formula Na,B 0, BBr, BF,
Chemical structure®® 2- .
0o o ~ "Br  Br F F
~ Na N
8 8 8 12 (Na N/ N,
I p B B
N o - \ |
Identification | Br F
numbers: o
CAS Registry 1303-96-4 10294-33~4 7637-07-2
NIOSH RTECS vz22275000° ED7400000° ED2275000°
EPA Hazardous Waste No data No data No data
OHM/TADS No data No data No data
DOT/UN/NA/ No data UN2692° UN1008'
IMCO Shipping No data No data IMCO 2.3
HSDB 0328" 0327" 0325'
NCI No data No data No data

*All informatlon obtained from Sax and Lewis 1987, except where noted.
"Grayson 1985

‘Morrison and Boyd 1983

“EPA 1987b

*Siteig 1985

'HSDB 1989

CAS = Chemical Abstracts Service

DOT/UN/RA/IMCO = Department of Transportation/United Nations/North America/Internatlonal
Maritime Dangerous Goods Code

EPA = Environmental Protectlion Agency

HSDB = Hazardous Substances Data Bank

NCI = National Cancer Institute

NIOSH = National Institute for Occupational Safety and Health

OHM/TADS = Oil and Hazardous Materials/Technical Assistance Data System

RTECS = Reglstry of Tokic Effects of Chemlical Substances
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TABLE 3-2. Physical and Chemical Properties of Boron and Compounds®

Property Boron Boron oxide Borlc acid Borax
Molecular welght 10.81 69.62 61.83 381.37
Color Black or brown Colorless Colorless Colorless
Physical state Solid Solid Solid Solid
Melting point 2300°C 45022°C 169°Cs1 tr to HBO, 75°C, -8H,0, 60°C
Boiling point 2550°C 1500°C® -1%H,0, 300°C ~-10H,0, 320°C
Density at 20°C 2.34 2.46 1.435 at 15°C 1.73
Odor No data No data Odorless® Odorless®
Odor threshold:

Water No data No data No data No data

Alr No data No data No data No data
Solubility:

Water Insoluble Soluble in hot water; 63.5 g/L at 30° 20.1 g/L at 0°C

Organic solvents

Partition coefficlents:
Log octanol/water

Log Ko

Vapor Pressure

Henry's law constant
Autoignition temperature
Flashpoint

Flaomability limits
Conversion factors

Soluble in nitric
and sulfuric acid®

No data

No data
1.56x10°* atm
at 2140°C*
No data

No data

No data

No data

No data

slightly soluble in cold
vater

Soluble in alcohol®

No data
No data
No data

No data
Noncombustible®
No data
No data
No data

Soluble in alcohol,
glycerol

Ro data
No data
No Qatn

No data
Noncombustible®
No data
No data
No dats

Slightly soluble in
alcohol, glycerol

No data
No data
No data

No data
No data
No data

No data

No data
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TABLE 3-2 (Continued)

Borax, Boron Boron
Property anhydrous tribromide trifluoride
Molecular weight 201.22 250.52 67.81
Color Colorless Colorless Colorless
Physical state Solid Liquid Gas
Melting point 751°C -56°C -126.7°C
Bolling point Decomposes at 91.340.25°C -99.9°C
1575°C

Density at 20°C 2.37 1.69 at 15°C® 2.99 g/L
Odor Odorless® No data Pungent®
Odor threshold:

Water No data No data No data

Air No data No data 4.5 mgim™
Solubility:

Water 10.6 g/L &t 0°C; Decomposes 1060 g/L at 20°C

Organic solvents

Partition coefficients:

Log octanol/water

Log K,

Vapor Pressure

Henry's law constant

Autoignition temperature

Flashpoint
Flammability limits
Conversion factors

87.9 g/L at 40°C

Insoluble in
aleohol

No data
No data
No data

No data
Noncombustible®
No data
No data
No data

Soluble in alcohol,
cCl,

No data
No data
100 mmHg at 33.5°C'

No data
No data
No data
No data
No data

Soluble in sulfuric acid

Ro data

No data

40 mmHg at -131.0° (solid)

760 mmHg at -110.7°C (liquid)f
No data

Noncombustible®

No data

No data

No data

*All information obtained from Weast 1985, except where noted.

"Sax and Lewis 1987
SACGIH 1986

“Ruth 1986
“Windholz 1983
‘HSDB 1989
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4. PRODUCTI ON, | MPORT, USE, AND DI SPOSAL
4.1 PRODUCTI ON

Boron is produced by the chem cal reduction of boron conpounds wth
reactive nmetals, either by nonaqueous electrolytic reduction or through
t hermal deconposition. H ghly purified boron is produced by zone-refining or
ot her thermal techni ques (HSDB 1989; Stokinger 1981; U.S. Bureau of M nes
1989).

The United States produces nost of the world s borates. Production
figures for 1988 report 566,093 netric tons of boric oxide equival ent was
produced fromthe mning of boron-containing mnerals. Donestic production
has remrained relatively constant over the last 5 years ranging froma | ow of
570,629 metric tons in 1986 to a high of 625,061 netric tons in 1987 (Ferguson
et al. 1982; U S. Bureau of M nes 1989).

United States Borax 6 Chemical Corporation continues to be the prinmary
wor |l d supplier of sodiumborates. U S Borax mnes and processes crude and
refined sodi um borates, their anhydrous derivatives, and anhydrous boric acid
at its plant, in Kern County, Boron, California. A second plant at Boron
California uses a proprietary process to produce technical -grade boric acid.

Kerr-MGee Chemi cal Corporation operates the Trona and Westend pl ants at
Searl es Lake, in San Bernardino County, to produce refined sodi um borate
conpounds and boric acid fromthe mineral-rich | ake brines.

4.2 | MPORT/ EXPORT

The United States inported 59,875 netric tons of borax, boric acid, and
t he boron-containing mnerals colemanite and ulexite in 1988 (U S. Bureau of
M nes 1988). As the world’ s |argest producer of boron compounds, the United
States exported 589,680 nmetric tons of boric acid and borates in 1988.

4.3 USE

Bor at es have diverse uses. Their principal uses (56% are in the
producti on of glass and gl ass products such as textiles.and insulating
fiberglass. It is also used to make the enanels and gl azes used as coatings
on househol d and industrial products. Borates are used in herbicides,

i nsecticides, soaps and cl eansers, cosnetics, antifreeze, and | eather tanning.
Borax and boric acid are used in atonic reactors as a neutron absorber (EPA
1986b; HSDB 1989; Stokinger 1981: U. S. Bureau of M nes 1989).

4. 4 DI SPCSAL
No federal regulations were |ocated which control the di sposal of

borates including sodiumborates and boric acid. No quantitative di sposal
data were | ocated.
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5. POTENTI AL FOR HUVMAN EXPOSURE

5.1 OVERVI EW

Boron is a naturally-occurring el enent found conbined with other
el ements throughout the environment. Boron is neither transformed nor
degraded in the environnent, although changes in the specific form of boron
and its transport may occur, depending on environnental conditions. It is
estimated that natural weathering is a significant source of environnental
bor on.

I ngestion of boron fromfood (primarily fruits and vegetabl es) and water
is the nost frequent route of human exposure, but occupational exposures to
boron dusts may be significant. Boron is also a conponent of several consumner
products, including cosnetics nmedicines and insecticides. Popul ations
residing in areas of the western United States with natural boron-rich
deposits may be exposed to hi gher-than-average | evels of boron

The EPA has identified 1,177 NPL sites. Boron, borate, and borax have
been found at 21, 1, and 1, respectively, of the sites evaluated for these
chemicals. However, we do not know how many of the 1,177 NPL sites have been
eval uated for the presence of these chemcals. As nore sites are eval uated by
the EPA, these nunbers nmay change (View 1989). The frequency of these sites
within the United States can be seen in Figure 5-1

5.2 RELEASES TO THE ENVI RONVENT

Borates are wi despread, naturally-occurring substance found nainly as an
i norgani c conpound in sedinents and sedinentary rock. It is released to the
environnent slowy in | ow concentrati ons by weat hering processes. Al though
few data are avail abl e quantifying boron releases fromindustrial sources, it
is estimted that natural weathering rel eases nmore boron to the environnent
wor | dwi de than do these industrial sources (Butterwick et al. 1989).

Rel eases of boron to the environnment occur fromthe production and use
of boron and boron-rel ated conpounds. However, neither boron nor boronrel ated
conpounds are listed on the Section 313 toxic chenical |ist and,
therefore, are not included in the Toxics Release Inventory (TRI).

5.2.1 Air

Borates are released to air fromnatural and industrial sources.
Nat ural sources include oceans, vol canoes, and geot hermal steam (G aede
1978). Boron conpounds are rel eased from ant hropogeni ¢ sources such as coal fired
and geot hermal steam power plants, chem cal plants, and rockets as well
as manufacturing facilities producing fiberglass and ot her products (EPA
1987c; Graedel 1978; Hollis et al. 1988; Lang et al. 1986; Rope et al. 1988
St oki nger 1981). No quantitative data regardi ng boron releases to air were
| ocat ed.
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5. POTENTI AL FOR HUMAN EXPOSURE
5.2.2 Water

Nat ural weat hering of boron-containing rocks is a nmajor source of boron
conpounds in water (Butterwick et al. 1989). The quantity of boron rel eased
varies widely with the geographic variations in boron-rich deposits. In the
United States, the area richest in natural boron deposits is the Mdjave Desert
in California (Butterwick et al. 1989; Stokinger 1981).

Boron conpounds are released to water in nunicipal sewage from
perborates in detergents, and in waste waters from coal - burni ng power plants,
copper snelters, and industries using boron. Borate |evels above background
may be present in runoff waters from areas where boron-containing fertilizers
or herbicides were used (Butterwick et al. 1989; Nolte 1988; Waggott 1969).
An average concentration of 1 nmg boron/L was reported in sewage effluents in
California (Butterwick et al. 1989). No other quantitative data regarding
boron releases to water in the United States were | ocated. However, Waggott
(1969) reported that boron concentrations in mnmunicipal sewage in a treatnment
plant in England ranged from2.5 to 6.5 ng/L, rel easing between 130 and 240 kg
bor on/ day.

Boron has been detected in surface water and groundwater at hazardous
waste sites. Data fromthe Contract Laboratory Program (CLP) Statistica
Dat abase indicate that boron occurred at about 20% of the sites at a geonetric
mean concentration of 156 ppb (0.156 ng boron/L) in positive sanples of
groundwat er and at about 5% of the sites at a geonetric nmean of 1,177 ppb
(1.177 ng boron/L) in surface water (CLPSD 1989).

5.2.3 Soil

Boron is naturally released to soil and water by rainfall, weathering of
bor on-cont ai ni ng m nerals, desorption fromclays and by deconposition of
bor on- cont ai ni ng organic matter. Man-made sources include application of
boron-containing fertilizers or herbicides, application of fly ash or sewage
sl udge as a soil anendnent, the use of waste water for irrigation or |and
di sposal of boron-containing industrial wastes (Butterwick et al. 1989; Hollis
et al. 1988; Munma et al. 1984; Nolte 1988; Rope et al. 1988).

No quantitative data were | ocated regardi ng nan-nmade rel eases of boron

conpounds to soil. However, Mumma et al. (1984) reported that the boron
concentration in sewage sludges from23 U S. cities ranged from7.1 to
53.3 ng/kg. Landfilling or land application is a conmon di sposal nethod for

t hese sl udges.

Data fromthe CLP Statistical Database indicate boron was detected in
soi| at about 5% of hazardous waste sites at a geonetric nean concentration
of 8,055 ppmin positive sanples (CLPSD 1989). However, earlier data fromthe
CLPSD (1980-1983) indicate a geonetric nmean concentration of boron of 21 ng/kg
and a maxi mum concentration of 320 ng/ kg (Eckel and Langl ey 1988), essentially
equi val ent to reported background | evels of boron in soil. Carification of
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the discrepancy in the data is necessary in order to conpare boron |evels at
hazardous waste sites to background | evels.

5. 3 ENVI RONMVENTAL FATE
5.3.1 Transport and Partitioning

Boron is a nonvolatile netalloid that occurs in conbination with nost of
the other elements known (Cotton and WI ki nson 1980). Atnospheric boron nay
be in the formof particulate matter or aerosols as borides, boron oxides,
bor at es, boranes, organoboron conmpounds, trihalide boron conmpounds, or
borazines. Borates are relatively soluble in water, and will probably be
renoved fromthe atnosphere by precipitation and dry deposition (EPA 1987c).
The half-life of airborne particles is usually on the order of days, depending
on the size of the particle and atnospheric conditions (Nriagu 1979). No
specific infornmation on the fate of atnospheric boron was | ocat ed.

Boron readily hydrolyzes in water to formthe electrically neutral, weak
nmonobasi ¢ acid HBO, and the nonoval ent ion B(OH),. In concentrated
sol utions, boron nmay' polynerize, leading to the fornmati on of conplex and
di verse nol ecul ar arrangenents. Rai et al. (1986) concluded that because npst
environnental ly rel evant boron mnerals are highly soluble in water, it is
unlikely that mineral equilibria will control the fate of boron in water.
Waggott (1969), for exanple, noted that boron is not significantly renoved
during the conventional treatnment of waste water. Boron may, however, be
co-precipitated with alumnum silicon, or iron to form hydroxyborate
conpounds on the surfaces of mnerals (Biggar and Firenan 1960).

WAt er borne boron may be adsorbed by soils and sedinents. Adsorptiondesorption
reactions are expected to be the only significant nmechanismthat will influence the
fate of boron in water (Rai et al. 1986). The extent of boron adsorption depends on
the pH of the water and the chemical conposition of the soil. The greatest adsorption
is generally observed at pH 7.5-9.0 (Keren et al. 1981; Keren and Mezuman 1981
Waggott 1969). Binghamet al. (1971) concluded that the single nbst inportant
property of soil that will influence the nmobility of boron is the abundance of
anor phous al umi num oxi de. The extent of boron adsorption has al so been attributed to
the I evels of iron oxide (Sakata 1987), and to a | esser extent, the organic matter
present in the soil (Parks and Wiite 1952), although other studies (Mezuman and Keren
1981) found that the ampbunt of organic matter present was not inportant.

The adsorption of boron may not be reversible in some soils. The |ack
of reversibility may be the result of solid-phase formation on minera
surfaces (Rai et al. 1986), and/or the slow rel ease of boron by diffusion from
the interior of clay minerals (Giffin and Burau 1974).

Partition coefficients such as adsorption constants describe the
tendency of a chenmical to partition fromwater to solid phases. Adsorption
constants for inorganic constituents such as a boron cannot be predicted a
priori, but nust be neasured for each soil-water conbination. Conpilations of
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avail abl e data for boron are given el sewhere (Rai et al. 1986). In general
boron adsorption will be nost significant in soils that contain high
concentrations of anorphous alum num and iron oxi des and hydroxi des such as
the reddish Utisols in the southeastern United States.

It is unlikely that boron is bioconcentrated significantly by organi sns
fromwater. A bioconcentration factor (BCF) relates the concentration of a
chemical in the tissues of aquatic and terrestrial aninmals or plants to the
concentration of the chemcal in water or soil. The BCFs of boron in marine
and freshwater plants, fish, and invertebrates were estimted to be |l ess than
100 (Thonpson et al. 1972). Experinentally measured BCFs for fish have ranged
from52 to 198 (Tsui and McCart 1981). These BCFs suggest that boron is not
significantly bioconcentrated. Boron in water is conpletely absorbed by the human
system but it does not accunulate in body tissues (Waggott 1969). No
ot her experinentally nmeasured BCFs were |ocated. LD

5.3.2 Transformati on and Degradati on
5.3.2.1 Air

There is no informati on avail able that suggests that particul ate boron
conpounds are transforned or degraded in the atnosphere.

5.3.2.2 Water

El emental boron is inert in the presence of water. Boron conpounds
rapidly transformto borates, the naturally occurring formof boron, in the
presence of water. No further degradation is possible. Borate and boric acid
are in equilibriumdepending only on the pH of the water. If dissolved in
at nospheric water, the standard borate-boric acid equilibria are established.

5. 3. 2.3 Soi

Most boron conpounds are transforned to borates in soil due to the
presence of noisture. Borates thenselves are not further degraded in soil
However, borates can exist in a variety of fornms in soil (see Section 5.2.3).
Borates are renoved fromsoils by water [eaching and by assinilation by
pl ant s.

5.4 LEVELS MONI TORED OR ESTI MATED | N THE ENVI RONVENT
5.4.1 Air

There are few studies nade to estimate the concentration of boroncontaining
conpounds in anbient air. This is partly due to difficulties of analysis at the | ow
| evel s involved. Bertine and Gol dberg (1971) estinated that approxi mately 11, 600 tons
of boron are injected into the atnosphere as a conponent of fly ash produced by coa
conbustion which was estimated to contain an average of about 75 ng/kg boron
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5.4.2 Water

Boron is widely distributed in surface water and groundwater. Average
surface water concentration in the United States is about 0.1 ng boron/L
(Butterwi ck et al. 1989; EPA 1986b), but concentrations vary greatly,
dependi ng on boron content of |ocal geologic formations and ant hropogenic
sources of boron (Butterwick et al. 1989). A survey of U S. surface waters
detected boron in 98% of 1,577 sanples at concentrations ranging from0.001 to
5 ng boron/L. Mean concentrations cal culated for the 15 drai nage basins in
the continental United States ranged from0.019 ng boron/L in the Wstern
Great Lakes Basin to 0.289 ng boron/L in the Western Gulf Basin (Butter-w ck
et al. 1989). The concentrati on of boron in sea water is about 4.5 ng/L
(Butterwick et al. 1989; EPA 1986Db).

Several studi es have nmeasured boron concentrations in water in those
areas of California with boron-rich deposits. Reported high boron
concentrations in surface waters ranged from 15 ng boron/L in coastal drainage
waters to 360 ng boron/L in a boron-rich lake (Butter-wick et al. 1989; Devere
and M| lard 1988). Mean boron concentration in a California river ranged from
0.30 to 0.50 ng boron/L over a 20-year period (Butterwick et al. 1989).
Reported boron concentrations in groundwater in the San Joaquin Valley ranged
fromO0.14 to 120 ng boron/L with a nedi an concentration of about 4 ng boron/L
(Butterwick et al. 1989; Deverel and MIlard 1988). Waggott (1969) reports
t hat groundwater boron concentrations greater than 100 ng/L are conmon in
California.

Drinking water surveys generally do not report boron concentration
However, concentrations of boron in tap water have been reported in a range of
0.007-0.2 nmg/L in the United States and Engl and (Choi and Chen 1979; Waggott
1969), and the National Inorganics and Radi onuclides Survey conpleted in 1987
reported relatively w despread occurrence of boron in 989 public water
supplies (NIRS 1987). Boron concentrations ranged fromless than 0.005 to
greater than 2 ng/L, with concentrations of up to 0.4 ng/L in 90% of systemns
(NIRS 1987). A survey of 969 public water supply systens showed 99% cont ai ned
boron at less than 1 ng/L. The maxi mum | evel measured was 3.28 ng/L (MCabe
et al. 1970).

5.4.3 Soi

Background boron levels in U S. soils were reported at a geonetric nmean
concentration of 26 ng/kg with a nmaxi mum concentrati on of 300 ng/ kg (Eckel and
Langl ey 1988). Boron was detected in soils in Idaho at geonetric nean
concentrations of 4.6-9.8 ng/kg (Rope et al. 1988) and in sedi nents of Puget
Sound (Malins et al. 1984).

Boron is an essential nutrient for plants. Boron soil concentrations
for optimumplant growh reportedly range fromO0.1 to 0.5 ng/kg for severa
pl ant species (Butter-wick et al. 1989).
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5.4.4 O her Environnental Media

Boron is assinilated by plants fromsoil and is therefore a natura
constituent of many foods, mainly fruits and vegetabl es. The anount of boron
absorbed varies considerably anong different plant species (Butterw ck et al
1989). The Food and Drug Administration (FDA) has set a tolerance limt of
8 ppm boron for citrus fruit (21 CFR 180.271).

Boron conpounds are present in several consuner products. Sodi um borate
and boric acid are widely used in cosnmetics. Over 600 cosnetic products,including
makeup, skin and hair care preparations, and shaving creans, contain these conmpounds
at concentrations of up to 5% (Beyer et al. 1983). These conpounds have al so been
used in insecticide powders for roach control, in medicines applied to the skin at
concentrations up to 5% (Beyer et al. 1983) and in sonme |laundry products (Butterw ck
et al. 1989; Stokinger 1981; Waggott 1969).

5.5 GENERAL POPULATI ON AND OCCUPATI ONAL EXPOSURE

Human exposure to borates nmay occur through ingestion of food and water
or insecticides used to control cockroaches, powders or dusts,inhalation of boron-
contai ning or absorption of boron fromcosnetics or nedi cal preparations through
nmucous nenbranes or damaged skin. The nost appreciable boron exposure to the genera
popul ation is likely to be ingestion of food and to a | esser extent in water
Esti mates of average daily boron ingestion by humans range from 10 to 25 ng (Beyer et
al . 1983; \Waggott 1969).

Cccupati onal exposure to boron conpounds nay be higher. Wirkers in industries
produci ng or using boron or boron conpounds nay be exposed by
i nhal ation to boron-containing dusts or gaseous boron compounds due to process
upsets or faulty equi pment. Dernal absorption of boron may al so occur if
damaged skin is in contact with these naterials, but this is considered a
m nor pat hway (Stokinger 1981).

Borate dusts have been nonitored in workplace air. Reported
concentrations of borax dust in different areas of a |arge borax m ning and
refining plant ranged from1.1 to 14.6 ng/ni (Garabrant et al. 1985) and the
nean boric aci d/ boron oxide dust concentration in a boric acid manufacturing
plant was 4.1 ng/ni (Garabrant et al. 1984). These val ues indicate that
perm ssi ble exposure Iimts (PELs) set by OSHA, or threshold limt val ues
(TLVs) recommended by the ACAH, for boron-containing dusts in workplace air
(Table 7-1) may, at times, be exceeded. O her industries include nmanufacture
of fiberglass and other glass products, cleaning and | aundry products,
fertilizers, pesticides, and cosnetics (U S. Borax and Chemi cal Corporation
1991; Stokinger 1981). Medi an nornal val ues of boron in hunan bl ood
(9.76 wg/ 100 g) and urine sanples fromthese workers (720 ug boron/L) were
reported (Stokinger 1981). Boron was not detected in a national survey of
human adi pose tissue (Stanley 1986). The National Institute for Cccupationa
Safety and Health (NICSH) estinated that the nunmber of workers potentially
exposed to boron increased from6,500 in the early 1970s (NOHS 1989) to 35, 600
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in the early 1980s (NOES 1989). Neither the NOHS nor the NCES dat abases
contain information on the frequency, concentration, or duration of exposures
of workers to any of the chenmicals listed therein. These surveys provide only
estimates of the nunber of workers potentially exposed to chemicals in the
wor kpl ace. Sittig (1985) reports that N OSH estimated the nunber of workers
potentially exposed to borax at 2,490,000, to boron oxide at 21,000, and to
boron trifluoride at 50, 000.

5.6 POPULATI ONS W TH POTENTI ALLY H GH EXPOSURES

The popul ations living in areas of California and other western states
wi th boron-rich geol ogi cal deposits have potentially high exposure to boron
fromdrinking water and locally grown foods (Butterwick et al. 1989).

I ndi vi dual s usi ng boron-containing cosnetics or nedicines extensively,
especi ally on damaged skin, may be exposed to hi gher-than-normal |evels of
boron (Beyer et al. 1983). Infants may be at risk in hones where boric acid
cont ai ni ng roach powder on floor paranmeters is used to control cockroaches.

Workers in industries producing or using boron-containing materials al so
have potentially high exposure as noted above (Section 5.5). People living in
the vicinity of waste sites are also at risk of higher-than-normal exposure
| evel s.

5.7 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCIA, as anended, directs the Administrator of
ATSDR (in consultation with the Adm nistrator of EPA and agenci es and prograns
of the Public Health Service) to assess whether adequate information on the
health effects of boron is available. \Where adequate information is not
avail abl e, ATSDR, in conjunction with the NTP, is required to assure the
initiation of a program of research designed to determine the health effects
(and techni ques for devel opi ng nethods to deternine such health effects) of
bor on.

The foll owi ng categories of possible data needs have been identified by
a joint teamof scientists fromATSDR, NTP, and EPA. They are defined as
subst ance-specific informational needs that, if net, would reduce or elimnnate
the uncertainties of human health assessment. In the future, the identified
data needs will be evaluated and prioritized, and a substance-specific
research agenda will be proposed.

5.7.1 Data Needs

Physi cal and Chemi cal Properties. The solubilities of many boron
m nerals are not known precisely, but this lack of detailed infornation may
not be a mpjor limtation, since it appears unlikely that mneral equilibria
significantly influence the fate of boron in the environnent.
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Production, Inport/Export, Use, and Disposal. The production vol une and
uses of boron and boron conpounds are well docunented (Ferguson et al. 1982;
HSDB 1989; U.S Bureau of M nes 1989). However, data on di sposal methods and
vol une woul d all ow better estinmation of hunman exposure to boron fromthis
sour ce.

According to the Enmergency Pl anning and Community Ri ght-to-Know Act of
1986, 42 U.S.C. Section 11023, industries are required to subnit chem ca
rel ease and off-site transfer information to the EPA. The Toxi cs Rel ease
Inventory (TRI), which contains this information for 1987, becane available in
May of 1989. However, neither boron nor boron-related conpounds are currently
listed in the database. This database will be updated yearly and shoul d
provide a list of industrial production facilities and enissions.

Environnental Fate. The only quantifiable nmechanismthat influences the
fate of boron is soil adsorption (Rai et al. 1986). Additional research with
soils that do not have significant quantities of alum numand iron oxide may
provi de a nore conprehensive view of the nobility of boron in the environnent.

Bi oavai lability from Environnental Media. Boron conpounds can be
absorbed followi ng inhalati on of contani nated workpl ace air, ingestion of
contam nated food, or through damaged skin (Drai ze and Kell ey 1959; Wong
et al. 1964). The nost significant routes of exposure near hazardous waste
sites are likely to be through drinking boron-contan nated water and ingestion
of locally grown food (Beyer et al. 1983; Butterwick et al. 1989; CLPSD 1989).
Wi | e exposure can occur by these routes, quantitative data on anounts
absorbed or are bioavail able would be useful in clarifying the toxic potentia
of boron in hunmans.

Food Chai n Bi oaccunul ation. Only one study was | ocated where boron
bi oconcentrati on was actually measured (Tsui and MCart 1981). Future
research may be hel pful, but it appears that boron is not significantly
bi oconcentrated. There are no data on the bionmagnification of boron in the
food chain, but it is not likely that bioaccunulation is a major environnenta
concern

Exposure Levels in Environmental Media. Data on boron levels in surface
wat er and soil are extensive (Butterwick et al. 1989; Eckel and Langley 1988;
EPA 1986b), but additional data on air, food, and drinking water
concentrations of boron would be useful in increasing the accuracy of hunan
exposure estimates.

Exposure Levels in Humans. Normal |evels of boron in hunman bl ood and
urine have been reported (Stokinger 1981). Additional data on bl ood and/or
urine concentrations in individuals with potentially high exposure to boron
woul d be useful in assessing the nmagnitude of human exposure.

Exposure Registries. No exposure registries for boron were | ocated.
This compound is not currently one of the compounds for which a subregistry
has been established in the National Exposure Registry. The conpound will be
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considered in the future when chenical selection is nmade for subregistries to
be established. The information that is amassed in the National Exposure
Registry facilitates the epi dem ol ogi cal research needed to assess adverse
heal th outcones that may be related to the exposure to this conpound.

5.7.2 On-going Studies

No i nformati on was | ocated on any on-goi ng studies on the fate,
transport, or potential for human exposure for boron
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The purpose of this chapter is to describe the analytical nethods that
are available for detecting and/or neasuring and nonitoring boron in
environnental nedia and in biological sanples. The intent is not to provide
an exhaustive list of analytical nethods that could be used to detect and
gquantify boron. Rather, the intention is to identify well-established nethods
that are used as the standard nethods of analysis. Many of the anal yti cal
nmet hods used to detect boron in environnmental sanples are the nethods approved
by federal agencies such as EPA and the National Institute for Occupationa
Safety and Health (NICSH). O her nethods presented in this chapter are those
that are approved by groups such as the Association of Oficial Analytica
Chemi sts (AQAC) and the Anerican Public Health Association (APHA)

Addi tional ly, analytical nethods are included that refine previously used
net hods to obtain | ower detection lints, and/or to inprove accuracy and
preci si on.

6.1 BIOLOCE CAL MATERI ALS

Met hods for the determi nation of boron in sanples of toxicol ogical
i nterest have been summari zed (Stokinger 1981; Van Orner 1975). Usually tota
boron is determined, although in limted cases specific boron species can be
determ ned as well. Boron is very poorly neasured by atom c absorption
anal ysis. H gh-tenperature atom c spectronetric nethods, especially
i nductively coupl ed plasma atom c em ssion spectronetry, including atonic
em ssi on spectrography, work well for boron. Colorinetry and pronpt neutron
activation analysis can al so be used.

Met hods for the determ nation of boron in biological materials are
sunmari zed in Table 6-1

Normal Iy, for determination in biological sanples, the sanple is
di gested or ashed, and the boron is neasured by atom c spectronetric
det ermi nati on.

6. 2 ENVI RONMVENTAL SAMPLES

Met hods for the determ nation of boron in environmental sanples are
sunmari zed in Table 6-2.

Boron is readily nmeasured in nultielenment anal yses of air, water, and
solid waste sanples by inductively coupled plasma (1 CP) atomi c em ssion
spectroscopy, the nmethod of choice for the determ nation of boron in nodern
practice. Al though not nultielenent procedures, calorinmetric cucum n and
calorinetric carmne nethods are still reliable methods for the deternination
of boron in water, air and solid waste sanples. These calorinetric procedures
provi de adequate methods when I CP instrunentation is not avail able.



TABLE 6-1. Analytical Methods for Determining Boron in Bilological Materials

Sample
detection Percent
Sample matrix Preparation method Analytical method limit recovery Reference
Blood and urine Ashed, dissolved in HCl SA 5 wg/100g No data Imbus et al.
blood 1963
40 pg/L
urine
Blood Ashed by oxygen in a Colorimetric <0.1 pg/mL B84Y at Hill and Smith
Parr bomb, dissolved carmine method 5 pg/ml 1959
Serum (borate) Deproteinized, allowed Colorimetric >endogenous 922-104% Baselt 1988
to react with reagent carmine method levels which
are <20 mg/L
Blood Ashed, dissolved Electrophoresis No data No data Hill et al.
1957
Biological Acid digestion ICP/AES 5 ps/L® No data EPA 1986a
material®

*This method 1s for water, sediments, and wastes.
*Method detection limit.

Actual detection limits for boron in waste samples may be considerably higher.

ICP/AES = inductively coupled plasma atomic emission spectroscopy; HCl = hydrochloric acid; SA = atomic spectrogrsphic

analysis
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TABLE 6-2. Analytical Methods for Determining Bom in Environmental Saq)le.

Sample
detection Percent
Sample matrix Preparation method Analytical method limit recovery Reference
Air Collection on filter, ICP/AES 1 pg per 103X NIOSH 1984
workup in acld sample recovery
Alr for boron Collection on filter, x-ray powder 0.05 mg No data NIOSH 1985a
carbide ashed, suspended in diffraction
2-propanol, redeposited
on silver membrane filter
Water Direct analysis Colorimetric 0.2 ug 23X RSD APHA 1985a
curcumin
Water Ash, dissolve in acid Colorimetric 2 pg 361 RSD APHA 19850
carmine
Water Acidify, inject ICP/AES 0.3 pg/L No data APHA 1985c¢
Water Direct analysis Colorimetric 0.2 pg 23X RSD EPA 1983
curcumin
Water Filter, acidify ICP/AES 5 pg/L No data EPA 1982
aspiration
Sediments, solid Acid digestion ICP/AES S pg/L* No data EPA 1986a

wastes, sludges

"Method detection limit.

ICP/AES = inductively coupled plasma atomic emission spectroscopys RSD = relative standard deviation

Actual detection limits for boron in waste samples may be 1-3 orders of magnitude higher.
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6. 3 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCLA, as anended, directs the Admnistrator of
ATSDR (in consultation with the Adm nistrator of EPA and agenci es and prograns
of the Public Health Service) to assess whether adequate information on the
health effects of boron is available. Were adequate information is not
avai |l abl e, ATSDR, in conjunction with the NTP, is required to assure the
initiation of a program of research designed to determne the health effects
(and techni ques for devel opi ng nethods to deternm ne such health effects) of
bor on.

The foll owi ng categories of possible data needs have been identified by
a joint teamof scientists fromATSDR, NTP, and EPA. They are defined as
subst ance-specific informational needs that, if net, would reduce or elimnate
the uncertainties of human health assessnment. In the future, the identified
data needs will be evaluated and prioritized, and a substance-specific
research agenda will be proposed.

6. 3.1 Data Needs

Met hods for Determ ning Bi omarkers of Exposure and Effect. Boron can be
determi ned sensitively and selectively by inductively coupled plasnma atonic
eni ssion anal ysis (EPA 1986a; Inbus et al. 1963). This nethod of analysis
requires that the analyte be placed in solution, which canbe a problemwth
sone of the nore refractory boron species. Wth the exception of boron
carbide (NI OSH 1985a), nethods are |acking for the determ nation of specific
boron conpounds.

Met hods for the determination of metabolites of boron in biological
materials woul d be useful in studying the toxicity and netabolismof this
el enent .

More specific methods for biomarkers of exposure would be hel pful in
t oxi col ogi cal studi es of boron

Met hods for Determ ning Parent Conpounds and Degradati on Products in
Envi ronnental Media. Inductively coupled plasnma atom c em ssion spectronetry
is the only satisfactory nmultielenent nmethod avail able for the determ nation
of boron in water, air, and solid waste sanples (APHA 1985c; EPA 1982, 1986a;
NI OSH 1984). Calorinetric procedures are as sensitive and precise but are
nore | abor intensive. Calorinetric procedures do provi de adequate mnethods for
those | aboratories that do not have | CP instrunentation. There is a need for
net hods that require | ess expensive instrunentation, although such nethods
woul d be very difficult to devel op.

Sanpl i ng net hodol ogi es for very low | evel el enental substances like
boron continue to pose problens such as nonrepresentative sanpl es,
i nsufficient sanple volunes, contami nation, and |abor-intensive, tedious
extraction and purification procedures (G een and LePape 1987).
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6.3.2 On-going Studies

Exam nation of the literature does not suggest that najor efforts are
underway for the devel opnent of better nethods for the deternination of boron
This is due to the difficulties inherent in determ ning boron and the fact
t hat an enphasi s has not been placed on devel opi ng such net hods because the
elenent is relatively nontoxic.
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Because of its potential to cause adverse health effects in exposed
peopl e, a nunber of regul ations and gui deli nes have been established for boron
and its conpounds by various national and state agenci es. These val ues are
sunmari zed in Table 7-1.
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TABLE 7-1. Regulations and Guidelines Applicable to Boron and Compounds
Agency Description Information References
NATIONAL
Regulations:
a. Alr:
OSHA PEL TWA OSHA 1989
Boron oxide (29 CFR
Total dust 10 mg/m® 1910.1000)
Respirable fraction 5 mg/m’ Table 2-1-A
Sodium tetraborates 10 mg/m®
Ceiling
Boron tribromide 10 mg/m® (1 ppm)
Boron trifluoride 3 mg/m* (1 ppm)
b. Water:
EPA OWRS General permits under NPDES Yes 40 CFR 122,
Boron, total Appendix D,
Table IV
c¢. Food:
FDA Food additive-modified hop extract
Boron 310 ppm 21 CFR 172.560
d. Other:
EPA OERR Reportable quantity (proposed) EPA 1989b
Boron trichloride 100 1lbs
Boron trifluoride 100 1lbs
Extremely Hazardous Substance TPQ EPA 1987a
Boron trichloride 500 lbs (40 CFR 355)
Boron trifluoride 500 lbs
EPA OPP Tolerances for pesticide chemicals
on raw agricultural commodities
Boron 8 to 30 ppm 40 CFR 180.271
Guidelines:
a. Air:
ACGIB TLV TWA ACGIH 1986
Sodium tetraborates
Anhydrous and pentahydrate 1 mg/c®
Decahydrate 5 mg/m®
Boron oxide 10 mg/m’
Ceiling
Boron tribromide 1 ppm (10 mg/m’)
Boron trifluoride 1 ppan (3 mg/m®)
NIOSH IDLH NIOSH 1985b

b. Water:
EPA OWRS

c. Other:
EPA

Boron trifluoride

Ambient Water Quality Criteria
Long-term irrigation on
sensitive crops

Oral RfD
Boron and Borates

100 ppm

750 uglL

9E-2 mg/kg/day

EPA 1986b

IRIS 1989
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TABLE 7-1 (Continued)

Agency Description Information References
STATE
Regulations and
Guidelines:
a. Air: Acceptable ambient air concentrations NATICE 1989
Connecticut Sodium tetraborates 20 ug/m® (8 hr)
100 pg/m® (8 hr)
Boron oxide 200 ug/m* (8 hr)
Boron tribromide 200 ug/m® (8 hr)
Boron trifluoride 0 ug/m® (8 hr)
Nevada Sodium tetraborates .4E-2 mg/m’ (8 hr)

North Dakota

Virginia

Boron oxide
Boron tribromide
Boron trifluoride

Sodium tetraborates

Boron oxide
Boron tribromide
Boron trifluoride

Sodjum tetraborates
Boron oxide

Boron tribromide
Boron trifluoride

.38E-1 mg/m’ (8 hr)
.38E~1 mg/m® (8 hr)
.1E-2 mg/m’ (8 hr)

NN

.0E-2 mg/m* (8 hr)
.0E-2 mg/m’ (B hr)
mg/m® (8 hr)
.0E-1 mg/m’ (8 hr)
.0E-2 mg/m* (8 hr)

Wk e
=)
o
N

16 ug/m® (24 hr)
160 pg/m® (24 hr)
80 ug/m® (24 hr)
25 pg/m® (24 hr)

ACGIH = American Conference of Governmental Industrial BHygienists; EPA = Environmental Protection Agency:
FDA = Food and Drug Administration; IDLHE = Immediately Dangerous to Life or Health Level; NIOSH = National
Institute for Occupational Safety and Health; NPDES = National Pollutant Discharge Elimination System:

OERR = Office of Emergency and Remedial Response; OPP = Office of Pesticide Products; OSHA = Occupational
Safety and Health Administration; OWRS = Office of Water Regulations and Standards; PEL = Permissible
Exposure Limit; TLV = Threshold Limit Value: TPQ = Threshold Planning Quantity; TWA = Time-Weighted Average
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Acut e Exposure -- Exposure to a chemical for a duration of 14 days or |less, as
specified in the Toxicol ogical Profiles.

Adsorption Coefficient (K,) -- The ratio of the anount of a chenical adsorbed
per unit wei ght of organic carbon in the soil or sedinment to the concentration
of the chenmical in solution at equilibrium

Adsorption Ratio (K3 -- The anpunt of a chem cal adsorbed by a sedinment or
soil (i.e., the solid phase) divided by the anbunt of chemical in the solution
phase, which is in equilibriumwth the solid phase, at a fixed solid/solution
ratio. It is generally expressed in m crograns of chemnical sorbed per gram of
soil or sedinent.

Bi oconcentration Factor (BCF) -- The quotient of the concentration of a
chem cal in aquatic organisns at a specific tine or during a discrete tine
peri od of exposure divided by the concentration in the surroundi ng water at
the sane tine or during the sane peri od.

Cancer Effect Level (CEL) -- The | owest dose of chemical in a study, or group
of studies, that produces significant increases in the incidence of cancer (or
tunors) between the exposed population and its appropriate control

Car ci nogen -- A chemi cal capabl e of inducing cancer

Ceiling Value -- A concentration of a substance that should not be exceeded,
even i nstantaneously.

Chroni ¢ Exposure -- Exposure to a chemical for 365 days or nore, as specified
in the Toxicol ogical Profiles.

Devel opnental Toxicity -- The occurrence of adverse effects on the devel opi ng
organismthat may result from exposure to a chemical prior to conception
(either parent), during prenatal devel opnent, or postnatally to the tine of
sexual maturation. Adverse devel opnental effects nmay be detected at any point
inthe life span of the organism

Enbryotoxicity and Fetotoxicity -- Any toxic effect on the conceptus as a
result of prenatal exposure to a chem cal; the distinguishing feature between
the two terns is the stage of devel opnent during which the insult occurred.
The terns, as used here, include malformations and variations, altered growth,
and in utero death.

EPA Health Advisory -- An estimate of .acceptable drinking water levels for a
chemical substance based on health effects information. A health advisory is
not a legally enforceable federal standard, but serves as technical guidance
to assist federal, state, and local officials.

| nredi atel y Dangerous to Life or Health (IDLH) -- The maxi mum environnenta
concentration of a contami nant from which one could escape within 30 mn
wi t hout any escape-inpairing synptons or irreversible health effects.
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I nternedi ate Exposure -- Exposure to a chenmical for a duration of 15-364 days
as specified in the Toxicol ogical Profiles.

I mmunol ogi ¢ Toxicity -- The occurrence of adverse effects on the i mmune system
that may result from exposure to environnental agents such as chemicals.

In Vitro -- Isolated fromthe living organismand artificially maintained, as
in a test tube.

In Vivo -- Cccurring within the living organi sm

Lethal Concentration(po) (LCpo) -- The | owest concentration of a chemical in
air which has been reported to have caused death in hunans or aninals.

Let hal Concentration (s)(LCs) -- A calculated concentration of a chemical in
air to which exposure for a specific length of tine is expected to cause death
in 50% of a defined experinental aninmal popul ation

Lethal Dose (o) (LDyo) -- The | owest dose of a chenical introduced by a route other
than inhalation that is expected to have caused death in humans or
ani nal s.

Let hal Dose(s) (LDs) -- The dose of a chem cal which has been calculated to
cause death in 50% of a defined experinental animal popul ation

Lethal Time(s) (LTsy) -- A calculated period of tine within which a specific
concentration of a chemcal is expected to cause death in 50% of a defined
experinmental aninmal popul ation.

Lowest - Cbserved- Adver se- Ef fect Level (LOAEL) -- The | owest dose of chemical in
a study or group of studies, that produces statistically or biologically
significant increases in frequency or severity of adverse effects between the
exposed popul ation and its appropriate control

Mal f ormations -- Permanent structural changes that may adversely affect
survival, devel opnent, or function

M nimal Risk Level -- An estimate of daily human exposure to a chemical that
is likely to be without an appreciable risk of deleterious effects
(noncancerous) over a specified duration of exposure.

Mut agen -- A substance that causes nutations. A nutation is a change in the
genetic material in a body cell. Mitations can lead to birth defects,
nm scarri ages, or cancer

Neurotoxicity -- The occurrence of adverse effects on the nervous system
foll owi ng exposure to chemi cal

No- Qbserved- Adver se- Ef fect Level (NQAEL) -- The dose of chemi cal at which
there were no statistically or biologically significant increases in frequency
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or severity of adverse effects seen between the exposed population and its
appropriate control. Effects nmay be produced at this dose, but they are not
consi dered to be adverse.

Cct anol -Water Partition Coefficient (Kg) -- The equilibriumratio of the
concentrations of a chemcal in n-octanol and water, in dilute solution

Perm ssi bl e Exposure Limt (PEL) -- An allowabl e exposure |evel in workplace
air averaged over an g-hour shift.

g,* -- The upper-bound estimate of the | ow dose slope of the dose-response
curve as determined by the nultistage procedure. The g,* can be used to

cal cul ate an estinate of carcinogenic potency, the increnental excess cancer
ri sk per unit of exposure (usually pg/L for water, ng/kg/day for food, and
ug/ mi for air).

Ref erence Dose (RfD) -- An estimate (with uncertainty spanning perhaps an
order of magnitude) of the daily exposure of the human population to a
potential hazard that is likely to be without risk of deleterious effects
during a lifetine. The REDis operationally derived fromthe NOAEL (from

ani mal and hunman studi es) by a consistent application of uncertainty factors
that reflect various types of data used to estimate RfDs and an additiona
nodi fying factor, which is based on a professional judgment of the entire

dat abase on the chemical. The RfDs are not applicable to nonthreshold effects
such as cancer.

Reportable Quantity (RQ -- The quantity of a hazardous substance that is
consi dered reportabl e under CERCLA. Reportable quantities are: (1) 1 |lb or
greater or (2) for selected substances, an ampunt established by regul ation
ei ther under CERCLA or under Sect. 311 of the Cean Water Act. Quantities are
neasured over a 24-hour peri od.

Reproductive Toxicity -- The occurrence of adverse effects on the reproductive
systemthat may result fromexposure to a chemcal. The toxicity may be
directed to the reproductive organs and/or the rel ated endocri ne system The
mani festation of such toxicity nay be noted as alterations in sexual behavior
fertility, pregnancy outcones, or nodifications in other functions that are
dependent on the integrity of this system

Short-Term Exposure Limt (STEL) -- The maxi num concentration to which workers
can be exposed for up to 15 nmin continually. No nore than four excursions are
al  owed per day, and there nust be at |east 60 min between exposure periods.
The daily TLV-TWA nay not be exceeded.

Target Organ Toxicity -- This termcovers a broad range of adverse effects on
target organs or physiological systens (e.g., renal, cardiovascul ar) extending
fromthose arising through a single linmted exposure to those assuned over a
lifetime of exposure to a chemi cal
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Teratogen -- A chenical that causes structural defects that affect the
devel opnent of an organi sm
Threshold Limt Value (TLV) -- A concentration of a substance to whi ch nost

wor kers can be exposed without adverse effect. The TLV nay be expressed as a
TWA, as a STEL, or as a CL.

Ti me-wei ghted Average (TWA) -- An all owabl e exposure concentration averaged
over a normal 8-hour workday or 40-hour wor kweek.

Toxi c Dose (TDsy) -- A calcul ated dose of a chemcal, introduced by a route
other than inhalation, which is expected to cause a specific toxic effect in
50% of a defined experinmental aninmal popul ation

Uncertainty Factor (UF) -- A factor used in operationally deriving the RfID
fromexperinental data. UFs are intended to account for (1) the variation in
sensitivity anmong the nenbers of the human popul ation, (2) the uncertainty in
extrapol ating aninal data to the case of human, (3) the uncertainty in
extrapolating fromdata obtained in a study that is of less than lifetine
exposure, and (4) the uncertainty in using LOAEL data rather than NOAEL data
Usual |y each of these factors is set equal to 10.
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USER S GUI DE
Chapter 1

Publ i c Heal th Statenent

This chapter of the profile is a health effects sunmary witten in nontechnica
| anguage. Its intended audience is the general public especially people |iving
inthe vicinity of a hazardous waste site or substance release. |If the Public
Health Statenent were renoved fromthe rest of the docunent, it would stil
conmuni cate to the lay public essential information about the substance.

The maj or headings in the Public Health Statenent are useful to find specific
topics of concern. The topics are witten in a question and answer format. The
answer to each question includes a sentence that will direct the reader to
chapters in the profile that will provide nore informati on on the given topic.

Chapter 2
Tabl es and Figures for Levels of Significant Exposure (LSE)

Tables (2-1, 2-2, and 2-3) and figures (2-1 and 2-2) are used to summarize health
effects by duration of exposure and endpoint and to illustrate graphically levels
of exposure associated with those effects. Al entries in these tables and
figures represent studies that provide reliable, quantitative estimtes of

No- Qbser ved- Adver se- Ef fect Level s (NOAELs), Lowest-Cbserved- Adverse-Effect
Level s (LOAELS) for Less Serious and Serious health effects, or Cancer Effect
Levels (CELs). In addition, these tables and figures illustrate differences in
response by species, Mnimal Risk Levels (MRLs) to humans for noncancer end

poi nts, and EPA' s estimated range associated with an upper-bound indivi dua
lifetime cancer risk of 1 in 10,000 to 1 in 10,000,000. The LSE tables and
figures can be used for a quick review of the health effects and to |ocate data
for a specific exposure scenario. The LSE tables and figures should al ways be
used in conjunction with the text.

The | egends presented bel ow denonstrate the application of these tables and
figures. A representative exanple of LSE Table 2-1 and Figure 2-1 are shown.
The nunbers in the left colum of the | egends correspond to the nunbers in the
exanpl e table and figure.

LEGEND
See LSE Table 2-1
1) Route of Exposure One of the first considerations when review ng the

toxicity of a substance using these tables and figures should be the
rel evant and appropriate route of exposure. Wen sufficient data exist,
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three LSE tables and two LSE figures are presented in the docunment. The
three LSE tables present data on the three principal routes of exposure,
i.e., inhalation, oral, and dernmal (LSE Table 2-1, 2-2, and 2-3,
respectively). LSE figures are limted to the inhalation (LSE Figure 2-1)
and oral (LSE Figure 2-2) routes.

Exposure Duration Three exposure periods: acute (14 days or |ess);
internediate (15 to 364 days); and chronic (365 days or nore) are
presented within each route of exposure. In this exanple, an inhalation
study of internediate duration exposure is reported.

Health Effect The nmjor categories of health effects included in
LSE tables and figures are death, systenic, imunol ogical
neur ol ogi cal , devel opnental, reproductive, and cancer. NOAELs and
LOAELs can be reported in the tables and figures for all effects but
cancer. Systemic effects are further defined in the "Systen! colum
of the LSE table.

Key to Figure Each key nunmber in the LSE table |inks study infornmation

to one or nore data points using the same key nunber in the correspondi ng
LSE figure. In this exanple, the study represented by key nunber 18 has
been used to define a NOAEL and a Less Serious LOAEL (al so see the two
"18r" data points in Figure 2-1).

Speci es The test species, whether animal or hunan, are identified in this
col umm.

Exposure Frequency/Duration The duration of the study and the weekly and
daily exposure reginmen are provided in this colum. This permts

conpari son of NOAELs and LOAELs fromdifferent studies. In this case (key
nunber 18), rats were expbsed to [substance x] via inhalation for 13
weeks, 5 days per week, for 6 hours per day.

System This colum further defines the systemc effects. These systens

i nclude: respiratory, cardiovascul ar, gastrointestinal, hematol ogical
muscul oskel etal, hepatic, renal, and dermal/ocular. "Qther" refers to any
systemc effect (e.g., a decrease in body weight) not covered in these
sys terns. In the exanple of key nunber 18, one system c effect
(respiratory) was investigated in this study.

NOAEL A No- Qbserved- Adverse-Effect Level (NOAEL) is the highest exposure
| evel at which no harnful effects were seen in the organ system studi ed.
Key number 18 reports a NOAEL of 3 ppmfor the respiratory system which

was used to derive an internedi ate exposure, inhalation MRL of 0.005 ppm
(see footnote “c”).

LOAEL A Lowest - Cbserved- Adverse-Effect Level (LOAEL) is the | owest
exposure |l evel used in the study that caused a harnful health effect.
LQAELs have been classified into "Less Serious" and "Serious" effects.
These distinctions help readers identify the |evels of exposure at which
adverse health effects first appear and the gradation of effects with

i ncreasi ng dose. A brief description of the specific end point used to
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guantify the adverse effect acconpanies the LOAEL. The "Less Serious"
respiratory effect reported in key nunber 18 (hyperplasia) occurred at a
LOAEL of 10 ppm

10) Ref erence The conplete reference citation is given in Chapter 8 of the
profile.

11) CEL A Cancer Effect Level (CEL) is the | owest exposure |evel associated
with the onset of carcinogenesis in experinental or epidem ol ogical
studies. CELs are always consi dered serious effects. The LSE tables and
figures do not contain NOAELs for cancer, but the text may report doses
whi ch did not cause a neasurabl e increase in cancer

12) Foot not es Expl anati ons of abbreviations or reference notes for data in
the LSE tables are found in the footnotes. Footnote "c" indicates the
NOAEL of 3 ppmin key nunber 18 was used to derive an MRL of 0.005 ppm

LEGEND

See LSE Figure 2-1
LSE figures graphically illustrate the data presented in the correspondi ng LSE
tables. Figures help the reader quickly conpare. health effects according to
exposure levels for particular exposure duration.
13) Exposure Duration The sane exposure periods appear as in the LSE table.

In this exanple, health effects observed within the internedi ate and
chroni c exposure periods are illustrated.

14)Heal th Effect These are the categories of health effects for which
reliable quantitative data exist. The sane health effects appear in the
LSE tabl e.

15)Level s of Exposure Exposure |levels for each health effect in the LSE
tables are graphically displayed in the LSE figures. Exposure |levels are
reported on the log scale "y" axis. Inhalation exposure is reported in
ng/ M8 or ppm and oral exposure is reported in ng/kg/day.

16) NOAEL In this exanple, 18r NOAEL is the critical end point for which an
i nternedi ate inhal ati on exposure MRL is based. As you can see fromthe
LSE figure key, the open-circle synbol indicates a NOAEL for the test
species (rat). The key nunmber 18 corresponds to the entry in the LSE
tabl e. The dashed descending arrow i ndi cates the extrapolation fromthe
exposure |level of 3 ppm(see entry 18 in the Table) to the MRL of 0.005
ppm (see footnote "b" in the LSE table).

17) CEL Key nunber 38r is one of three studies for which Cancer Effect Levels
(CELs) were derived. The dianond synbol refers to a CEL for the test
species (rat). The nunmber 38 corresponds to the entry in the LSE table.
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18) Esti mat ed UDDer - Bound Human Cancer Ri sk Levels This is the range
associ ated with the upper-bound for lifetinme cancer risk of 1 in 10,000
to 1 inl0,000,000. These risk levels are derived fromEPA s Hunan Heal th
Assessnment Group's upper-bound estinmates of the slope of the cancer dose

response curve at |ow dose levels (q,*).

19)Key to LSE Figure The Key explains the abbreviations and synbols used in
the figure.
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Levels of Significant Exposure to [Chemicatl x] - Inhalation

Exposure LOAEL (effect)
Key to frequency/ NOAEL Less serious Serious
figure® species duration System (ppm) (ppm) (ppm) Reference
[2}— inrermep1aTE EXPOSURE
7
E_——' SYSte""'c @
E}——» 18 Rat 13 wk Resp 3b 10 (hyperplasia) Nitschke et al.
5d/wk 1981
6hr/d
CHRONIC EXPOSURE
Cancer
38 Rat 18 mo 20 (CEL, multiple Wong et al. 1982
5d/wk organs)
Thr/d
39 Rat 89-104 wk 10 (CEL, lung tumors, NTP 1982
5d/wk nasal tumors)
6hr/d
40 Mouse 79-103 wk 10 (CEL, lung tumors, NTP 1982
5d/wk hemangiosarcomas)
6hr/d

2 The number corresponds to entries in Figure 2-1.

@——» b Used to derive an intermediate inhalation Minimal Risk Level (MRL) of 5 x 10'3 ppm; dose adjusted for intermittent exposure
’ and divided by an uncertainty factor of 100 (10 for extrapolation from animal to humans, 10 for human variability).

CEL = cancer effect level; d = day(s); hr = hour(s); LOAEL =

lowest-observed-adverse-effect level; mo = month(s); NOAEL = no-

observed-adverse-effect level; Resp = respiratory; wk = week(s)
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Chapter 2 (Section 2.4)
Rel evance to Public Health

The Rel evance to Public Health section provides a health effects summary based
on eval uati ons of existing toxicological, epideniological, and toxicokinetic
information. This summary is designed to present interpretive

wei ght - of - evi dence di scussi ons for hunan health end points by addressing the
foll owi ng questi ons.

1. What effects are known to occur in hunmans?

2. Wat effects observed in animals are likely to be of concern to
humans?

3. What exposure conditions are likely to be of concern to humans,
especi al |y around hazardous waste sites?

The section discusses health effects by end point. Human data are presented
first, then aninmal data. Both are organi zed by route of exposure (inhalation
oral, and dernmal) and by duration (acute, internediate, and chronic). In vitro
data and data from parenteral routes (intranuscular, intravenous, subcutaneous,
etc.) are also considered in this section. If data are located in the
scientific literature, a table of genotoxicity information is included.

The carci nogenic potential of the profiled substance is qualitatively eval uated,
when appropriate, using existing toxicokinetic, genotoxic, and carcinogeni c data.
ATSDR does not currently assess cancer potency or perform cancer risk
assessments. MRLs for noncancer end points if derived, and the end points from
whi ch they were derived .are indicated and di scussed in the appropriate
section(s).

Limtations to existing scientific literature that prevent a satisfactory
eval uation of the relevance to public health are identified in the Identification
of Data Needs section

Interpretation of Mniml Ri sk Levels

Where sufficient toxicologic information was avail able, MRLs were derived. MRLs
are specific for route (inhalation or oral) and duration (acute, internediate,
or chronic) of exposure. ldeally, MLs can be derived fromall six exposure
scenarios (e.g., Inhalation - acute, -internediate, -chronic; Oral - acute,

i nternediate, - chronic). These MRLs are not neant to support regulatory action
but to aquaint health professionals with exposure | evels at which adverse health
effects are not expected to occur in humans. They shoul d hel p physicians and
public health officials determ ne the safety of a conmunity living near a

subst ance em ssion, given the concentration of a contam nant in air or the
estimated daily dose received via food or water. MRLs are based | argely on

t oxi col ogi cal studies in animals and on reports of hunman occupational exposure.
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MRL users should be familiar with the toxicol ogical information on which the
nunber is based. Section 2.4, "Relevance to Public Health," contains basic

i nformati on known about the substance. O her sections such as 2.6, "lInteractions
with Gther Chemcals" and 2.7, "Popul ations that are Unusually Suscepti bl e"

provi de inmportant supplenmental information

MRL users should al so understand the MRL derivation nethodol ogy. MRLs are
derived using a nodified version of the risk assessnent nethodol ogy used by the
Envi ronnental Protection Agency (EPA) (Barnes and Dourson, 1988; EPA 1989a) to
derive reference doses (RfDs) for |ifetime exposure.

To derive an MRL, ATSDR generally selects the end point which, in its best
judgenent, represents the nost sensitive humanhealth effect for a given exposure
route and duration. ATSDR cannot nake this judgement or derive an MRL unl ess
information (quantitative or qualitative) is available for all potential effects
(e.g., systemc, neurological, and developnental). In order to conpare NOAELs
and LOAELs for specific end points, all inhalation exposure |evels are adjusted
for 24hr exposures and all intermittent exposures for inhalation and oral routes
of intermediate and chronic duration are adjusted for continous exposure (i.e.

7 days/week). If the information and reliable quantitative data on the chosen
end point are avail able, ATSDR derives an MRL using the nbst sensitive species
(when information fromnultiple species is available) with-the highest NOAEL t hat
does not exceed any adverse effect |levels. The NOAEL is the npost suitable end
point for deriving an MRL. When a NOAEL is not available, a Less Serious LOAEL
can be used to derive an MRL, and an uncertainty factor (UF) of 10 is enpl oyed.
MRLs are not derived from Serious LOAELs. Additional uncertainty factors of 10
each are used for hunan variability to protect sensitive subpopul ations (people
who are nost susceptible to the health effects caused by the substance) and for

i nterspecies variability (extrapolation fromanimals to humans). In deriving an
MRL, these individual uncertainty factors are nultiplied together. The product
is then divided into the adjusted inhalation concentration or oral dosage

sel ected fromthe study. Uncertainty factors used in devel oping a

subst ance-specific MRL are provided in the footnotes of the LSE Tabl es.
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ACRONYMS, ABBREVI ATI ONS, AND SYMBOLS USED | N TEXT

ACA H Aneri can Conference of Governnental Industrial Hygienists

ADVE Absorption, Distribution, Mtabolism and Excretion

ATSDR Agency for Toxic Substances and Di sease Registry

BCF bi oconcentrati on factor

BSC Board of Scientific Counselors

CDbC Centers for Disease Control

CEL Cancer Effect Level

CERCLA Conpr ehensi ve Environnental Response, Conpensation, and Liability
Act

CFR Code of Federal Regul ations

CLP Contract Laboratory Program

cm centimeter

CNS central nervous system

DHEW Depart nent of Health, Education, and Welfare

DHHS Department of Health and Human Servi ces

DCOL Depart ment of Labor

ECG el ectrocardi ogram

EEG el ect r oencephal ogram

EPA Envi ronnental Protection Agency

EKG see ECG

FAO Food and Agricultural Organization of the United Nations

FEMA Federal Emergency Managenent Agency

FI FRA Federal Insecticide, Fungicide, and Rodenticide Act

fi first generation

fpm feet per mnute

ft f oot

FR Federal Register

g gram

G&C gas chromat ogr aphy

HPLC hi gh performance |iquid chronatography

hr hour

| DLH | mredi ately Dangerous to Life and Health

| ARC I nternational Agency for Research on Cancer

ILO I nternational Labor Organization

in i nch

Kd adsorption ratio

kg ki | ogram

Koc octanol -soil partition coefficient

Kow oct anol -water partition coefficient

L liter

LC i quid chronat ography

LC, I ethal concentration | ow

LC, | ethal concentration 50 percent Kkill

LD, | ethal dose | ow

LD, | et hal dose 50 percent Kkill

LOAEL | owest - observed- adverse-effect |evel

LSE Level s of Significant Exposure

m nmet er



ny
nmn
.

nmm
mol
mppcf
MRL
VS

NI EHS
NI OSH
NI GSHTI C
nm

ng
NHANES
nnol
NCQAEL
NCES
NCHS
NPL
NRC
NTI S
NTP
CSHA
PEL
Py
prol
PHS
PMR
ppb
ppm
ppt
REL
Rf d
RTECS
sec
SCE
SIC
SMR
STEL
STORET
TLV
TSCA
TRI

-
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mlligram
m nut e
mililiter
millinmeters
mllinmole
mllions of particles per cubic foot
M ninmal Ri sk Level
nmass spectroscopy
National Institute of Environnental Health Sciences

National Institute for Qccupationa

NI OSH s Conputerized Information Retrieval
nanomnet er

nanogr am

Nat i onal

nanonol e

no- obser ved- adver se-effect | evel

Safety and Health

System

Heal th and Nutrition Exami nation Survey

Nati onal Cccupati onal Exposure Survey
Nati onal Occupational Hazard Survey
National Priorities List

Nati onal Research Counci

Nati onal Technical Information Service
Nat i onal Toxi col ogy Program

Cccupat i onal
per m ssi bl e exposure limt

pi cogram

pi conmol e

Public Heal th Service
proportional nortality ratio

parts per billion
parts per mllion
parts per trillion

recommended exposure limt
Ref er ence Dose

Regi stry of Toxic Effects of Chenica
second

sister chromatid exchange

Standard Industrial Cassification
standard nortality ratio
short-term exposure limt

STORAGE and RETRI EVAL

threshold limt val ue

Toxi ¢ Substances Control Act

Toxi ¢ Rel ease I nventory

ti me-wei ghted average

United States

uncertainty factor

Worl d Heal th Organization

greater than

greater than or equal to

Saf ety and Heal th Admi nistration

Subst ances



IN A

= oo™

um
Hg

equal to

| ess than

| ess than or equal
per cent

al pha

bet a

delta

gama

nm cron

nm crogram

to
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PEER REVI EW

A peer review panel was assenbl ed for boron. The panel consisted of the
foll owi ng nenbers: Dr. Rajender Abraham a private consultant; Dr. Hugh
Evans, Associ ate Professor of Chemistry, Institute of Environmental Medicine,
New York Unversity Medical Center; Dr. Ernest Foul kes, Director, Departnent of
Envi ronnental Health, University of Cincinnati; and Dr. WIIiam Buck,
Pr of essor of Toxicol ogy, College of Veterinary Medicine, University of
IIlinois. These experts collectively have knowl edge of boron's physical and
chem cal properties, toxicokinetics, key health end points, nechani snms of
action, human and ani mal exposure, and quantification of risk to humans. A
second panel of reviewers was assenbled to review the sections on mtigation
of effects. This panel consisted of: Dr. Brent Burton, Medical Director,
O egon Poi son Center, Oregon Health Sciences University, Portland, Oregon
Dr. Alan Hall, Private Consultant, Evergreen, Colorado; and Dr. Al an Wol f,
Director of dinical Pharmacol ogy and Toxicol ogy, Massachusetts Poi son Control
System The Children's Hospital, Boston, Massachusetts. Al reviewers were
selected in confornmity with the conditions for peer review specified in the
Conpr ehensi ve Environment al ' Response, Conpensation, and Liability Act of 1986,
Section 104.

Scientists fromthe Agency for Toxi c Substances and D sease Registry
(ATSDR) have reviewed the peer reviewers' conmments and detern ned which
comments will be included in the profile. Alisting of the peer reviewers'
conments not incorporated in the profile, with a brief explanation of the
rationale for their exclusion, exists as part of the adninistrative record for
this conmpound. A list of databases reviewed and a |ist of unpublished
documents cited are also included in the adm nistrative record.

The citation of the peer review panel should not be understood to inply

its approval of the profile's final content. The responsibility for the
content of this profile lies with the ATSDR

*U.S. Government Printing OHice: 1992 - 636281
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